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Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 
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propósitos y seguro que podremos ayudarle. 


+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar а los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Büsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio püblico para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algün libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
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Acerca de la Busqueda de libros de Google 


El objetivo de Google consiste en organizar información procedente de todo el mundo y hacerla accesible y útil de forma universal. El programa de 
Büsqueda de libros de Google ayuda a los lectores a descubrir los libros de todo el mundo a la vez que ayuda a autores y editores a llegar a nuevas 
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Meeting of A.I.E. E. in New York 
January 13, 1911 

The two hundred апа fifty-fifth 
meeting of the American Institute of 
Electrical Engineers will be held in the 
auditorium of the Engincers’ Building, 
33 West 39th Street, New York City, 
on Friday, January 13, 1910, at 8:15 
p.m. The subject of the evening will 
be “ Corona ", which will be presented 
in а paper by Professor Harris J. 
Ryan, of Stanford University, Cal, 
entitled " Open Atmosphere and Dry 
Transformer Oil as High Voltage Insu- 
lators"; and а’ communication from 
Mr. E. L. West, on '' High Voltage 
Line Loss Tests Made on 100-kilovolt, 
60-cycle, 180-mile Transmission Line 
of the Central Colorado Power Com- 
pany." These papers are printed in 
this issue of the PROCEEDINGS. 


Pittsfield-Schenectady Mid- 
year Convention February 
14-16, 1910 

The local committee of arrangements 
has fixed upon February 14, 15 and 16, 
1911, as the dates of the Pittsfield- 
Schenectady Mid-year Convention, 
which action kas been confirmed Бу the 
Institute Board of Directors. А list 
of the papers to be presented, thus far 
received at Institute headquarters for 
publication, is as follows: 


Mechanical Forces 1n Magnetic Fields, 
by C. P. Steinmetz. 

Problems in the Operation of Trans- 
formers, by F. C. Green. 

Protection of Electrical Transmission 
Lines, by E. Е. Е. Creighton. 

Tests of Grounded Phase Protector on the 
44,000- Volt System of the Southern 
Pouer Company, by C. I. Durk- 
holder and R. H. Marvin. 

Tests of Losses on High Tension Lines, 
by С. Faccioli. 

The Temperature Gradient in Oil- 
Immersed Transformers, by Ja es 
Murray Weed. 

Hysteresis and Eddy Current Ex ponents 
for Silicon Steel, Бу W. J. Wooldridge. 

Commercial Problems of Transformer 
Design, Бу Е.Н. Wilson. 

Design, Construction and Test of an 
Artificial Transmisston Line, by J. Н. 
Cunningham. 


The papers by Dr. Steinmetz and 
Mr. Green were published in the De- 
cember PROCEEDINGS. The others will 
appear in the January and February 
issues. 


Institute Meeting at Boston 
February 17, 1911 


A meeting of the American Institute 
of Electrical Engineers, under the 
auspices of, the Boston Section, and 
with the codperation of the Boston 
Society of Civil Engineers and the 
American Society of Mechanical Engi- 
neers, will bc held in Boston on Friday 
evening, February 17, 1911. Mr. R. A. 
Philip, of the Stone and Webster Engi- 
neering Corporation will present a paper 
on certain phases of the general subject 
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of economic limitations to aggregation 
of power svstems. This paper is in- 
tended to elaborate on the suggestion 
contained in the paper on ''Smoke 
Abatement in New England ”, read by 
Mr. D. T. Randall before the joint 
meeting in Boston on November 10, 
that control of the smoke nutsance could 
be brought about only by the centraliza- 
tion of coal burning plants in large 
units and the elimination of miscellane- 
ous coal burners. 


Pacific Coast Meeting at Los 
Angeles, Cal., in April, 1911 
For several months past the Board of 

Directors has had under consideration 
the question of authorizing а special 
Institute meeting on the Pacific coast, 
similar in character to that held in San 
Francisco on May 5, 6 and 7, 1910. 
On November 11 the President was 
authorized to appoint a special com- 
mittee to consider and report upon the 
matter. This committce reported fav- 
orably at the directors’ meeting held 
on December 9, and acting upon the 
committee's recommendation, the Board 
authorized a Pacific coast meeting to 
be held in Los Angeles during the 
month of April under the auspices 
of the Telegraphy and Telephony, 
Railway, and High Tension Transmis- 
sion committees. А local committee 
appointed by the President will fix the 
exact dates and make arrangements for 
the meeting. 


Future Section Meetings 


PORTLAND, OREGON 

The next mecting of the Portland 
Section will be held on January 17, 
1911. A paper wil be presented by 
Mr. E. J. Griffith, on “ Conservation of 
catural Resources.” ЕЁ. „Р, Weber, 
Secretary, 559 Sherlock Building, Port- 
land, Oregon. 


TORONTO 
The Toronto Section will hold its next 
mecting on Friday, January 13, 1911. 
Mr. Aldis E. Hibner, power engineer 
of the Toronto Electric Light Company, 


[Jan. 


will present a paper on the '' Cost of 
Industrial Power." This paper will no 
doubt prove of great interest as it 
covers a subject which has not been 
treated to any great extent in the past. 
И’. H. Eisenbeis, Secretary, 1207 Traders 
Bank Building, Toronto, Onl. 


PITTSFIELD 

The next mecting of the Pittsfield 
Section will be held on January 5, 1911. 
Professor W. S. Franklin, of Lehigh 
University, will address the members 
on “ Bernoulli's Principle іп Hy- 
draulies." W. C. Smith, General Elec- 
tric Company, Pittsfield, Mass. 


WASHINGTON, D. C. 

The Washington Section will hold its 
next meeting in the Telephone Building, 
Washington, D. C., on January 10, 
1911. Mr. H. B. Stabler, Secretary of 
the Section, and plant engineer for the 
Washington division of the Chesapeake 
and Potomac Telephone Сотрапу, will 
present a paper on “Тіс Distribution 
System of a Telephone Plant." H. B. 
Stabler, Secretary, 722 12th St, №. W., 
Washington, D. C. 
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Institute Meeting in New York 
December 9, 1910 

The two hundred and fifty-fourth 
meeting of the American Institute of 
Electrical. Engineers was held in the 
auditorium of the Engineers’ Building, 
33 West 39th Street, New York City, 
on Friday evening, December 9, 1910. 
President Dugald С. Jackson presided 
and called the meeting to order at 
8:15 p.m. The Secretary announced 
that at the meeting of the Board of 
Directors held during the afternoon 
TO Associates were elected, and two 
Associates were transferred 10 the 
grade of Member. Тһе names of the 
Associates elected and those transferred 
are printed elsewhere in this issue. А 
paper entitled “ Testing Steam Tur- 
bines and Steam- Turbo Generators ”, 
by E. D. Dickinson and L. T. Robinson, 
was then read by Mr. Dickinson. The 
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paper was discussed by Messrs. Gano 
Dunn, W. L. R. Emmet, F. M. Hodg- 
kinson, W. L. Robb, Е. D. Dreyfus, 
W. С. Г. Eglin, С. О. Mailloux, J. 
Mason Knox, A. H. Pikler, E. W. Years- 
ley and E. B. Rosa. 


Directors’ Meeting, December 


9,1910 

The regular monthly meeting of the 
Board of Directors of the American 
Institute of Electrical Engineers was 
held at 33 West 39th Street, New York 
Сиу, on Friday, December 9, 1910. 
The directors present were: President 
Dugald C. Jackson, Boston, Mass.; 
Past-president. Lewis В. Stillwell, New 
York; Vice-presidents Paul Spencer, 
Philadelphia, Pa., Н. W. Buck, New 
York, Perey H. Thomas, New York: 
Managers David В. Rushmore, Schenec- 
tady, N. Y.. Н.Е. Clifford, Cambridge, 
Massa А. W. Berresford, Milwaukee, 
Wis., W.S. Murray, New Haven, Conn., 
S. D. Sprong, New York, H. H. Barnes, 
Іт., New York, R. G. Black, Toronto, 
Ont.; Secretary Ralph W. Pope, New 
York. 

The Board authorized an Institute 
meeting to be held in Los Angeles, Cal., 
during the month of April 1911, under 
the auspices of the Telegraphy and 
Telephony, Railway, and High Tension 
Transmission committees. 
| Seventy candidates for membership 
In the Institute as 
elected, 


Associates were 


One hundred and two students were 
declared. enrolled. 

Two Associates were transferred. to 
the grade of Member, as follows: 


PHILIP J. Kearny, Assistant to Elec- 
trical Engineer, №. Y. №. H. and 
Il. R.R. Company, Mt. Vernon, 
N. Y. 

MURRAY C. BEERE, Professor of Elec- 
trical Engineering, University of 
Wisconsin, Madison, Wis. 

The names of the Associates elected 
and the Students enrolled are printed 
clsewhere in this issue. 
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Associates Elected December 
9, 1910 


BEVERIDGE, WILLIAM BARCLAY, Gen- 
eral Plant Dept., R. M. Bell Tele- 
phone Co.; res., 1137 Kensington 
Ave., Salt Lake City, Utah. 

BLAISDELL, JEROME L., Engineer, Port- 
land Railway Light & Power Co.; res., 
1145 Thurman St., Portland, Ore. 

BRAND, FREDERICK FERMOR, Engineer- 
ing Inspector, Transformer Dept., 
General Electric Co.; res., Woodlawn 
Inn, Pittsfield, Mass. 

Braun, Horace HERBERT, Construc- 
tion Engineer, Mexican Light & 

- Power Co., Pachuca, Hidalgo, Mex. 

BURT, HARVEY ALANSON, Chief Opera- 
tor of Substation, Central Colorado 


Power Co.; res., 3138 Zuni St., 
Denver, Colo. 
CARLISLE, JOHN L., Head Operator 


Substations, Union Electric Light and 
Power Co.; res., 2128 Forest Ave., 
St. Louis, Mo. 


CoLLiNs, BEN WILLARD, City Electri- 
cian, Light & Water Dept., City Hall, 
Tacoma, Wash. 

CRAWFORD, WALTER GRIFFIN, Sub- 
Station Operator, Seattle-Tacoma 
Power Co., 7th Ave., & Jefferson St., 
Seattle, Wash. 

CUMMINGS, HEBER LACELLE, JR., Stu- 
dent Engineer, General Electric Co., 
res., 503 Union St., Schenectady, М.Ү. 

Day, ERNEST WALTER, Chief Engineer, 
Hood Rubber Company; res., 575 Mt. 
Auburn Street, Watertown, Mass. 

DICKENSON, WILLIAM J., Electrical 
Engineer, Foreign Dept., General 
Electric Co., Schenectady, N. Y. 

DRUMMOND, ALFRED JOHN, Interior 
Electrical Wireman, W. A. Jackson 
Co., 84 Van Buren St.; res., 520 Bry- 
ant Ave., Chicago, Ш. 

EpWARDS, HERBERT, Works Foreman, 
Turnbull & Jones, Ltd., Dunedin, 
INS 

ENriELD, WILLIAM LESTER, Engineer- 
ing Department, National Electric 
Lamp Ass'n., res., 5809 Curtis Ave., 
Cleveland, O. 
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FINCH, FLoyD Roy, Assistant Designing 
Engineer, General Electric Co.; res., 
19 Hall Place, Pittsfield, Mass. 


FLORES, RAFAEL R., Electrician, Can- 
anea Consolidated Copper Company, 
Cananea, Sonora, Mexico. 

GIFFNEY, THOMAS ANDREW, Power 
House Operator, Electrical Dept., 
Swift & Со. ; res., 3159 Princeton Ave. 
Chicago, ПІ. 

HALE, JOHN CLARENCE, Student, Elec- 
trical Engineering Department, Co- 
lumbia University, New York City. 

Hay, MARTIN STUART, Electrical Engi- 
neer, Mathieson Alkali Works, Salt- 
ville, Va. 

HAMMOND, REGINALD CHALMERS, Pro- 
fessor of Military Engineering, Royal 
Military College, Kingston, Ont. 

HARDCASTLE, HENRY KELLOGG, Test 
Engineer, Railway Department, 
Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. 

HARPER, SAMUEL PAUL, Electrical En- 
ріпсег, General Electric Co.; res., 27 
W. Housatonic St., Pittsfield, Mass. 

HENDRICKS, ALLAN BARRINGER, JR., 
Engineer of Materials, General Elec- 
tric Co.; res., 212 East St., Pittsfield, 
Mass. 

Hess, WILLIAM FRANK, Allegheny 
County Light Co.; res., 517 Arlington 
Ave., М. S., Pittsburg, Pa. 


Нил, Josera S., Chief Engineer and 
Superintendent of Construction, De- 
partment of the Interior, Washing- 
ton, D. C. 


Hoover, Рнилр P., Central Colorado 
Power Co., Denver; res., Edgewater, 
Colo 

Hupson, WALTER FRANCIS, Assistant 
engineer, New York Central & Hud- 
son R.R., Grand Central Station; 
res., 5 West 125th St., New York City 

HYNES, Francis BENEDICT, Electrical 
Engineer, Crocker-Wheeler Co., Ат- 
pere; res., 128 М. Sixth St., Newark, 
М. J. 


IRVING, CARL, Electrician, Los Angeles 
Aqueduct, Los Angeles, Cal. 
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JOHNSON, WILLARD CALLEN, Salesman, 
Westinghouse Electric & Mfg. Co., 
165 Second St., San Francisco, Cal. 


KAHL, GROVER CLEVELAND,  Ass't. 
Foreman in Testing Dept., General 
Electric Co.; res., 29 Moyston St., 
Schenectady, №. У. 


MATTE, ANDREW Lewis, Electrical 
Engineer, New England Investment 
& Security Co., 178 Маре St., 
Springfield, Mass. 

McManus, JOHN Нсон, Salesman, 
Electrical Department, H. W. Johns- 
Manville Co., 100 William St., New 
York City. 


MENEFOGLIO, ALFRED, Superintendent, 


Kauai Electic Co., Wainiha, Kauai, 
H. I. 
MILLER, CHARLES Havs, Electrical 


Engineer, СаЙег-Наттег Manufac- 
turing Co.; res, 1906 Prairie St., 
Milwaukee, Wis. 


MORGAN, JOHN THOBURN, Supply and 


Machinery Salesman, Charleston 
Electric . Supply Co., Charleston, 


West Virginia. 


MUKERJI BECHARAM, Student, Chris- 
tian College, Allahabad, India. 


MUNSELL, THOMAS SHERWOOD, Chief 
Operator, Genessce Light & Power 
Co.; res., 24 Oak Street, Batavia, 
М. У. 


NEARY, EDWARD JOSEPH, Instructor in 
Electrical Engineering, University of 
Pennsylvania; res., 63 N. 34th St., 
Philadelphia, Pa. 


NICHOLS, FREDERICK MICHELL, Chief 
Electrical Engineer, Electricity Dept. 
Kolar Gold Field, Oorganno, South- 
ern India. 


OSBORN, STANLEY Roya, Draftsman, 
Electrical Dept., Interborough Rapid 
Transit Co., 165 Broadway, New 
York City. 


OTIS, ALBERT NOAH, Engineer, Railway 
Equipment Dept., General Electric 
Co.; res., 832 State St., Schenectady, 
N. Y. 
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PARKER, WiLL Dawson, Electrical In- 
spector, Burcau of Water, Dept. 
Filtration; res., 137 М, Millvale Ave., 
Pittsburg, Pa. 


PENTECOST, CLEMENT B., Salesman, 
General Electric Co., Nashville, Tenn. 


PERRIN, GEORGE L., Electrician in 
charge, Montgomery Shoshone Min- 
ing Co., Rhvolite, Nevada. 

Рніррз, FRANK AVERY, Draughtsman, 
Seattle Electric Co., Georgetown; 
res, 151 Ave. М. and Republican 
Sts., Seattle, Wash. 

PLERCE, CLARENCE ALBERT, Instructor 
in Physics, Cornell University; res., 
317 Eddy Street, Ithaca, N. Y. 

PRATT, OLIVER G., Inspector, New York 
Central & Hudson River Railroad: 
res., 462 West 20th St., New York 
City. 

Катнвсх, В. B., Chief Electrician, 
Balaklala Consolidated Copper Co., 
Coram, Cal. 


Кахр, EpwiN WAFFE, Superintendent 
of Station, Telluride Power Co., 
Pleasant Grove; res., Battle Creek, 
Utah. 

RAYMOND, ALLEN ARTHUR, Special 
Apprentice, New York Central & 
Hudson River Railroad, Avis Shops, 
Jersey Shore, Pa. 


REYNEAU, PAUL ORTMANS, Telluride 
Power Co., Provo, Utah; res., Tellu- 
ride House, Ithaca, N. Y. 


SAVANT, JAYARAM JANARDAN, Koga- 
kushi, Baroda, India. 


SAWFORD, FRANK, Electrical Superin- 
tendent, Dominion Iron & Steel Co.; 
res., 203 King's Road, Sydney, М. 5. 

SMITH, Harotp Hooper, Electrical 
Engineer, Edison Storage Battery 
Co., Edison Laboratory, Orange; 
гез., 237 N. Arlington Ave., East 
Orange, М. ]. 


SNYDER, JOHN Caspar, Draughtsman, 
Pennsylvania Railroad; res. 307 
Lexington Ave., Altoona, Pa. 


STEVENS, EDWARD RICHARD, Switch- 


board Engineer, General Electric Co., 
Schenectady, М. У. 
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STEWART, ARTHUR BARRISON, Electrical 
Engineer, Cia Hidro-Electrico y Irri- 
gadore del Chapala; res., Calle Don 
Juan Manuel 15, Mexico City, Mex. 


TAYLOR, CLARENCE BLUMHARD, Meter 
Tester, Philadelphia Electric Co.; 
res., 3519 N. 19th St., Philadelphia, 
Pa. 


TENNEY, ROBERT BERNARD, JR., De- 
signing Electrical Enginecr, General 
Electric Co.; res., 141 Park Ave., 
Schenectady, N. Y. 


THOMAS, PHILLIPS, Instructor in Elec- 
trical Engineering; Princeton Uni- 
versity, Princeton, N. J. 

TRESSLER, MiLo Emory, Assistant to 
Engineer of Materials, Gencral Elec- 
tric Co.; res., 7 Burbank St., Pitts- 
field, Mass. 

Түхс, ARTHUR, Electrical Engineer, 
Stone & Webster Engg. Corp'n., 147 
Milk Strect, Boston, Mass. 


Utz, Amos LocaNw, Foreman Repair 
Department, American Electric Co., 
220 So. 7th St., St. Joseph, Mo. 


VAITSES, GREGORY STEPHEN, Electri- 
cian, United States Navy, U. S. S. 
Salmon; res., 13 Laurel St., Melrose, 
Mass 


VAN METER, Rusu HENRY, Operating 
Engineer, Laconia Gas and Electric 
Co., Laconia, N. H. 


WHETSTONE, RICHARD ALLISON, JR., 
Engineering Department, Electric 
Storage Battery Co., 19th & Alle- 
ghenv Ave., Philadelphia, Pa. 


WoOLTz, FRED ERVIN, Assistant in Engi- 
neering Dept., Wagner Electric Mfg. 
Co.; res., 5882 Julian Ave., St. Louis, 
Mo’ 


WOODWARD, JOHN GEOFFREY, Switch- 
board Operator, Pacific Light & 
Power Corporation, Redondo, Cali- 
fornia. 


WoovwWaARD, MINOR QUIGLEY, Contract 
Manager and Foreman Meter Dept., 
Pine Bluff Corporation; res., 1117 
West 2nd Ave., Pine Bluff, Arkansas. 


Total, 70. 
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Applications for Election 

Applications have been received by 
the Secretary from the following candi- 
dates for election. to membership in 
the Institute as These 
applications will be considered by the 
Board of Directors at a future meeting. 
Any Member or Associate objecting to 
the election of any of these candidates 
should so inform the Secretary before 
January 25, 1911. 
0597 Butz, С. E., Rochester, N. Y. 
9898 Goodloe, H. B., Roanoke, Va. 
9899 L’ Hommedieu, W. P., бап Fran- 

cisco, Cal. 

0000 Howland, R. B., Sumner, Wash. 
0001 Logan, M. H., Jersey City, N. J. 
9902 Simpson, W. L., Eccles, W. Va. 
9003 Abbott, С. P., La*Tucaue, P. I. 
9904 Alexander, D., Marlinton, W. Va. 
9905 Bates, L. I., Ossining, №. Y. 
9906 Buell, H. H., Canal Zone, Panama. 
0907 Craighead, G. W., Richmond, Ind. 
9908 Cunningham, J. T., Bklwn., N. Y. 
9909 Davis, Е. R., Philadelphia, Pa. 
9910 Davy, W., New Castle, Pa. 
9911 Dawson, C. S., Philadelphia, Pa. 
9912 Devlin, C. G., Providence, R. I. 
9013 Dorgeloh,G.H., Schenectady, N.Y. 
9914 Farley, J. J., New York City. 
9915 Foster, S. C., Fredericksburg, Va. 
9916 Groesbeck, A. J., Cordova, Alaska. 
9917 Keenan, E. T., Watertown, №. Y. 
9018 Kille, F., Brooklyn, №. У. 
0019 Lewis, G. E., Ann Arbor, Mich. 
9920 Milwain, C. G., Nashville, Tenn. 
9021 Nichols, M. H., Denver, Colo. 
0099 Prior, R., Nomans Land, England. 
0023 Soares, E. C., Mt. Vernon, N. Y. 
9924 Wilson, C. E., Wilkinsburg, Ра. 
0025 Sickmann, E. L., Denver, Colo. 
0026 Albrecht, К. A., New York City. 
9927 Brunn, E. F., Patchogue, L. T. 
0928 James, W. F., Philadelphia, Pa. 
9929 Penrose, C., Philadelphia, Pa. 
9930 Brubaker, H. S., Pittsburg, Ра. 
0931 Cook, А., Reardan, Wash. 
9932 Hills, K. A., Chicago, Ш. 
9933 Smith, E. D., Jr., Rochester, N. Y. 
0034 Wright, R. M., Cripple Creek, Colo. 
0935 Woodward, M. R., Wash., D. C. 
9036 Burgess, H. L., New York City. 
9957 Brown, УУ. Н., State College, Ра. 


Associates. 
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9938 Fowler, R., Schenectady, N. Y. 
9939 Adams, W. C., Milwaukee, Wis. 
9910 Blatz, А. V., Jr., Milwaukee, Wis. 
9941 Briggs, H. J., Los Angeles, Cal. 
9942 Clough, W. A., Chicago, Ill. 
9943 Delack, В. L., Schenectady, М. Y. 
99044 Andrews, C. H., Greensboro, М. C. 
0045 Bixby, W. P., New York City. 
9946 Gibbs, О. F., Charleston, W. Va. 
9917 Hill, J. E., Jr., Pittsburg, Pa. 
9048 Nye, H. E., Mtinneapolis, Minn. 
9040 Parker, G. H., Charleston, W. Va. 
0050 Thomson, H. F., Boston, Mass. 
9951 Wehausen, G.W., Schenectady, N.Y 
9952 Albrecht, E. R., Lynchburg, Va. 
9953 Crawford, L. R., Sioux City, Iowa. 
9954 Dyer, S. H., Mexico, D. F. 

9955 Groesbeck, H., Jr., Ogden, Utah. 
9956 Hanna, C. E., Pittsburg, Pa. 
9957 Писћһсоск, L. W., Durham, N. H. 
9958 Miller, C. B., Pittsfield, Mass. 
9959 Satterthwaite, J. P., Phila., Pa. 
9960 Shaw, E. T., Pittsfield, Mass. 
9961 Chandler, R., Fort Monroe, Va. 
9962 Arnold, G. W., Boston, Mass. 
9963 Down, E. J., Chile, S. A. : 
9964 Агіст, W. D., New York City. 
9965 Birt, W. R., San Francisco, Cal. 
9966 Campbell, T. F., Pittsburg, Pa. 
9967 Clark, W. L., Langdale, Ala. 
0068 De Vitis, R. M. S.. E. Orange, N. J. 
9969 Frank, J. M., Chicago, Ill. 

0970 Laughton, J. R., Fond du Lac, Minn. 
0071 Pratt, W. T., Waterbury, Conn. 
9972 Rose, W. L., St. Louis, Mo. 
0073 Vanderwaart, P.T.. Norwich, Conn. 
997-4 von Buol, Н., Berlin, Germany. 
0075 Wilkinson, N., Milwaukee, Wis. 
9076 Grant, К. G., Chicago, Ш. 

9977 Fernald, Е. M., Attleboro, Mass. 
0075 Law, Wm., New Bedford, Mass. 
9979 Асһа42, В. V., Chicago, ІН. 

9980 Braucher, H. M., Forty Fort, Pa. 
9981 Kruesi, F. E., Streator, Ш. 

9082 Lect, A. W., Houghton, Mich. 
0083 McClure, O., Baltimore, Ма. 
9081 Schiefer, H. J., Jr.. Milwaukee, Wis. 
9985 Stewart, H. O., Rochester, N. Y. 
9986 Gaynor, E. G., New York City. 
0057 Hobbs, H. G., Columbus, Ohio. 
Өөхх Pfeif, С. H., Schenectady, N. Y. 
9080 Laycock, H. A., Schenectady, N.Y 
9990 Tower, Е.В.И., Јг., Milwaukee, Wis. 
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9991 Allen, Е. С., Hyde Park, Mass. 


9992 Bachrach, A., Schenectady, N.Y. 


9993 Hunt, F. L., Munhall, Pa. 


9994 Strickler, УУ. M., Pittsfield, Mass. 


9995 Axctll, J. H., Pittsburg, Pa. 


9996 Davol, W. D., Somerville, Mass. 
9997 Jones, J. A., Crystal City, Mo. 


9998 Jones, В. L., Boston, Mass, 


9999 Krammes, В. R., Scranton, Pa. 
10000 Ledford,N.H., BowlingGreen, Mo. 


10001 Marr, W. P., Corliss, Wis. 
10002 Smith, Н. C., Clinton, Iowa. 
10003 Smith, Н. W., Pittsburg, Pa. 


10004 Vawter, J. H., Washington, D. C. 


10005 Waight, A. T., Chicago, Ill. 


10006 Benjamin, H. L., Boston, Mass. 


10007 Doherty, J. G., Denver, Colo. 
10008 Dwyer, J. J., Hamilton, Can. 
10009 Goedjen, A. J., Milwaukee, Wis. 


10010 Mora, Ernest J., Connellsville, Pa. 


10011 Rust, C. W., Middletown, O. 


10012 Tanner, H. L., Ann Arbor, Mich. 
10013 Tucker, H. L., Ann Arbor, Mich. 


10014 Wedgwood, E. G., Chico, Cal. 
10015 Young, R., Fort Wayne, Ind. 
10016 Dice, E. B., Pittsburg, Pa. 


10017 Johnson, C. G., Chickasha, Okla. 
10018 Parsons, W. A., Bristol, Conn. 
10019 Reinhart, G. N., New York City. 


10020 Darnell, O. А., Chicago, Ill. 
10021 Goodman, L. S., Boston, Mass. 
10022 Hills, E. V., Somerset, Colo. 
10023 Loud, F. M., Newark, N. J. 
10024 Mettee, C. R., Baltimore, Md. 
10025 Pollock, W. J., Philadelphia, Pa. 
10026 Shepherd, C. H., Chicago, Ill. 


10027 Southgate, G. T., Houston, Texas. 


10028 Young, S. S., Coffevville, Kansas. 
10029 Barbey, G. D., Williamsport, Pa. 
10030 Bettington, E.M., Transvaal, S. A. 
10031 Halsted, A., Greeley, Colo. 

10032 Kahlert, H. E., Milwaukee, Wis. 


10033 Kimball, K. C., Trident, Mont. 
10034 Morton, J. D., Pullman, Wash. 


10035 Putnam, C. E., Pittsburg, Pa. 


10036 Reinhard, С. A., Milwaukee, Wis. 
10037 Hubbard, F. H., Milwaukee, Wis. 


10038 Keister, M. T., Denver, Colo. 

10039 Montagu, С. P., New York City. 
10010 Scott, W. S., Columbus, Ohio. 
10041 Truax, H. E., Bremerton, Wash. 
10042 Schroeder, М. J., Vulcan, Mich. 
10043 Appenfelder, Е. A., Cincinnati, О. 


APPLICATIONS FOR TRANSFER 


10044 Baldwin, E. M., Heroult, Cal. 
10045 Bradshaw, P. B., Chicago, Ill. 
10046 Dreyfus, М. A., New York City. 
10047 Liley, J. L., Canton, М. C. 
10048 Mayer, F. B., Los Angeles, Cal. 
10049 Nason, F. W., New York City. 
10050 Nigh, E. R., Seattle, Wash. 
10051 O'Neill, H., New York City. 
10052 Ransopher, S. M., Manhattan, 
Kansas. 
10053 Bennett, C. E., Urbana, Ill. 
10054 Bickel, J. A., Chicago, Ill. 
10055 Coronel, P. Z., Schenectady, N.Y. 
10056 Crooks, W. O., Cle Elum, Wash. 
10057 Harrington, F. E., Ruskin, B. C. 
10058 Hastings, H. P., Boston, Mass. 
10059 Jarvis, C. D., Winthrop, Mass. 
10060 Lindgren, А. W., Huntington 
Beach, Cal. 
10061 Oetting, O. W., Pittsburg, Pa. 
10062 Springborn, А. J., New York City 
10063 Stephens, H. C., De Kalb, Ill. 
10064 Swanstrom,F., Minneapolis, Minn. 
10065 Weaver, G., St. Louis, Mo. 
10066 Wilcox, E. A., Twin Falls, Idaho. 
10067 Candor, E. R., Chicago, Ill. 
Total 171. 


Applications for Transfer 
The following Associates were recom- 
mended for transfer at the meeting of 
the Board of Examiners held on De- 
cember 16, 1910. Any objection to the 
transfer of these Associates should be 
filed at once with the Secretary. 
ARTHUR HENRY SWEETNAM, Electrical 
Engincer, Cosmopolitan Electric Com- 
pany, Chicago, Ill. 
ТөзеЕри L. К. HAYDEN, Electrical Engi- 


neer, General Electric Company, 
Schenectadv, N. Y. 
GERALD WILLIAM PARTRIDGE, Chief 


Engineer, London Electric Supply 
Corporation, London, England. 

L. C. NicHors, Electrical Engineer, 
Allis-Chalmers Company, Milwaukee, 
Wis. 

FRANK GILL, Engineer-in-Chicf, Na- 
tional Telephone Company, London, 
England. 

RocER MERRICK NEWBOLD, Electrical 
Engincer, Adams and Westlake Com- 
pany, Chicago, Ill. 
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Е. J. W. Luck, Electrical Engineer, 
Walter Bros. and Company, Rio de 
Janeiro, Brazil. 

Н. W. CHENEY, Designing Engincer, 
Allis-Chalmers Company, Milwaukee, 
Wis. 


Students Enrolled December 
9, 1910 


3965 Crawford, D. K., Univ. of Kansas: 


3966 Boyd, J. А., State Univ. of Kv. 
3967 Danicl, C. E., State Univ. of Ky. 
3968 Day, О. L., State Univ. of Ky. 
3969 Douglas, E. T., State Univ. of Kv. 
3970 Downing, V. L., State Univ. of Ку. 
3971 Duncan, W. C., State Univ. of Ky. 
3972 Ebbert, S. C., State Univ. of Kv. 
3973 Fitzpatrick, J. J., St. Univ. of Ky. 
3974 Foster, J. M., State Univ. of Ky. 
3975 Haswell, A. B., State Univ. of Ky. 
3976 Lurtey, W. A., State Univ. of Ky. 
3977 Miles, F. T., State Univ. of Ky. 
3978 Mills, С. C., State Univ. of Ку. 
3979 Moore, H. L., State Univ. of Ky. 
3980 Needy, J. A., State Univ. of Ky. 
3981 Pluster, A. B., State Univ. of Ky. 
3982 Sanders, J. B., State Univ. of Ky. 
3983 Shanklin, С. B., State Univ. of Ky. 
3984 Slade, T., State Univ. of Ky. 
3985 Smarr, B. M., State Univ. of Ky. 
3986 Stevenson, W. W., State Univ. Ky. 
3987 Webb, R. S., Jr., State Univ. Ky. 
3988 Cleveland, M. A., State Univ. Ky. 
3939 Campbell, J., State Univ. of Ky. 
3090 Cassidy, P., State Univ. of Ky. 
3991 Накь, В. S., Univ. of Illinois. 
3992 Ellison, С. E., Univ. of Illinois. 
3993 Palmquist, D. R., Univ. of Illinois. 
3994 Black, C. D., Univ. of Illinois. 
3995 Overmicr, M. D., Univ. of Illinois. 
3996 Connell, E. L., Univ. of Illinois. 
3997 Wise, D. M., Bucknell Univ. 
3098 Wilkinson, Н. A., Iowa State Coll. 
3999 Keller, F. R., Columbia Univ. 
4000 Wenholz, W. W., Univ. of Hlinois. 
4001 Foersterling, F. J., Univ. of Ill. 
4002 Anderson, A. R., Univ. of Illinois. 
4003 Mason, M. S., Univ. of Illinois. 
4004 Gray, J. D., Highland Park Coll. 
4005 Behrens, B. E., State Agr. Coll. 
4006 Phillips, H. B., Univ. of Michigan. 
4007 Stephenson, L. J., Univ. of Mich. 
1008 Haynes, C. J., Univ. of Mich. 
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4009 Brownell, R. A., Univ. of Nebr. 
4010 Smith, C. O., Univ. of Nebraska. 
4011 Carter, G. N., Univ. of Nebraska. 
4012 Kauff man, J. U., Penn. State Coll. 
4013 Lauderdale, J. E., Univ. of Wis. 
4014 Dinter, H. А., Texas A. & M. Coll. 
4015 Parket, G. C., Univ. of Toronto. 
4016 De Guerre, F. C., Univ. of Toronto 
4017 Barker, C. M., Mass. Inst. Tech. 
4018 Ilgner, H. F., Univ. of Wisconsin. 
4019 Whecler, C. M., Penn. State Coll. 
4020 Rogers, J., Univ. of So. Cal. 
4021 Sinclair, В., Untv. of So. Cal. 
4022 Ме еЙаа, L. N., Univ. of So. Cal. 
4023 Brode, L. P., Univ. of California. 
4024 Dimmick, W. L., Univ. of So. Cal. 
4025 Darrow, B., Mass. Inst. of Tech. 
4026 Miller, B. E., Univ. of Wisconsin. 
4027 Kutner, S. D., Cornell University. 
1028 Elliott, C. V., Cornell Univ. 
4029 Lange, E. H., Cornell University. 
4030 Lewis, S. M., Throop Poly. Inst. 
4031 Humphrey, H. K., Univ. of Hl. 
4032 Barton, R. M., Mass. Inst. Tech. 
4033 Cremers, W. L., Purdue Univ. 
4034 Daugherty, T. W., Purdue Univ. 
4035 Mullen, H., Purdue University. 
4036 Thompson, Н. F., Purdue Univ. 
4037 Parker, B. L., Iowa State College. 
4038 Frommcelt, Н. A., Iowa State Coll. 
4039 Brush, С. B., Iowa State College. 
4040 Atwater, Н. A., Cornell University 
4041 Baker, R. F., Univ. of Michigan. 
4042 Bowman, J. S., Univ. of Michigan. 
1043 Leger, B. L., Univ. of Michigan. 
4044 Beal, W. W., Univ. of So. Cal. 
4045 Nims, S. A., Worcester Poly.Inst. 
4016 Pagharulo, V., Armour Institute. 
4047 Hastings, R., Mass. Inst. of Tech. 
4048 Davis, C. W., Cornell University. 
4049 Haynes, E. H., Cornell University. 
4050 Merowitz, W. G., Cornell Univ. 
1051 Starr, B. F.,Jr., Baltimore Polv.Inst. 
4052 Walzer, J., Cornell University. 
4053 Hanchette, D. N., Case School Sc. 
4054 Graham, F. A., Armour Institute. 
4055 Tobias, А. L., Penn. State College. 
4056 Carr, C. H., Kans. State Agri. Coll. 
4057 Hare, K. R., Univ. of Wisconsin. 
4053 Johnston, P. V., Univ. of Michigan 
4059 van Manen, T., Univ. of Mich. 
4060 Long, L. W., Univ. of Michigan. 
4061 Hagedorn, II. J., Univ. of Iowa. 
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4062 Hatz, E. W., State Univ. of Iowa. 

4063 Chesebro, Е. М., State Univ. of Ia. 

4064 Darner, L. L., University of Iowa. 

4065 Cohne, H. B., Univ. of Missouri. 

4066 Friede, H., University of Missouri. 
Total 102. 


Nominations 


For the purpose of giving informa- 
tion to the membership in connection 
with future nominations for officers of 
the Institute, after the distribution of 
the nomination forms, in February, 
the following by-law was adopted by 
the Board of Directors November 13, 
1908: 

Sec. 18. Por the guidance of members in the 
selection of nominees for the annual election 
there shall be published in the January and 
February PROCEEDINGS, each year, a summary of 
the nomination votes of the preceding year 
containing the names of all persons having rc- 
ceived at least three per cent of the entire num- 
ber of nomination votes cast, and also the names 
of all directors not included in this list and of 
ex-Vice-Presidents and Managers who have held 
office at any time during the preceding five years" 

In compliance with this by-law the 
following list has been compiled: 


GENERAL Proposa List, APRIL, 1910 
NOTE: Names printed in italics 
indicate that these officers were elected 


and their terms began on August 1, 
1910. 


FOR PRESIDENT 


Dugald C. /аәсікон....................... 728 
Calvert Төжпеу......................... 35 
C. C. Сһезпеу........................... 34 
FOR VICE-PRESIDENTS 
Р.Н. Тйотаз........................... 395 
Н.И’. Qr: CUM CETERAE 300 
В. С. Патте.................2......... 265 
Morgan Воо LLL ccc cece cece en 196 
А. M. белгеп,.......................... 148 
Pe Je HER 49 


Henry Floy 


Fase eb aub el Ga ЛУ КЕ 2 
Н.Н. Barnes, Jr... ады 
C. E. %‹тбтет........................... 191 
№. М. бїюгег......................... 137 
ur Тама кт килке 127 
Ned Nel т ы казаа зш тыгылу, 114 
R. G. Blick i аа 100 
H.B.Smith 99 
J.P. Stevens.. 58 
Ln o бы QN EE 50 
О и 47 
Hh pug ы ee 


P. ]чпКегы{бЇй........................... 41 

iE CEPI ae ee шәт "m 41 

А. M. Нип{............................. 40 
FOR TREASURER 

Geo. А. Пат оп........................ 860 
FOR SECRETARY 

Ralph W. Роре.......................... 864 

F. L. Ниїсһїпзоп.......................- 51 


PRESENT DIRECTORS NOT INCLUDED 
IN ABOVE GROUPS 
A. W. Berresford 
Willard G. Carlton 
John J. Carty 
H. E. Clifford 
Louis A. Ferguson 
Paul M. Lincoln 
Wm. S. Murray 
Henry H. Norris 
David B. Rushmore 
Paul Spencer 
S. D. Sprong 
Lewis B. Stillwell 
Charles W. Stone 


EX-VICE-PRESIDENTS AND MANAGERS 
WHO HAVE HELD OFFICE DURING 
THE LAST FIVE YEARS NOT IN- 
CLUDED IN ABOVE GROUPS 

A. H. Armstrong 
Frank G. Baum 

Gano Dunn 
Charles L. Edgar 
W. C. L. Eglin 
Bancroft Gherardi 
W. E. Goldsborough 
H. H. Humphrey 
C. O. Mailloux 
Samuel Reber 
George F. Sever 
Samuel Sheldon 
Henry G. Stott 
Charles A. Terry 
Jas. G. White 


— — 


Year-eBook for 1911 


A new edition of the Institute Year- 
Book, revised to January 3, 1911, will 
be published the latter part of January. 
The book is intended principally for 
use in connection with the work of the 
membership committee. The contents 
include: list of Institute officers and 
committees; local officers of sections 
and branches; alphabetical and geo- 
graphical lists of Members and Associ- 
ates; list of enrolled students; the 
constitution and by-laws; directors’ 
annual report for year ending April 
30, 1910; and also, for the use of non- 
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members, gencral information regarding 
the objects, scope and work of the 
Institute. 

Any Member or Associate may obtain 
а сору upon application to the Secre- 
tary's office by mail or in person. 


Some Fundamental Principles 
of Power Plant Design * 


BY J. W. ESTERLINE 


The accepted definition of ап elec- 
trical power plant is that it 1s ап aggre- 
gation of machinery and apparatus for 
converting the latent energy of some 
combustible or the potential energy of 
falling water into electrical energy. 
Тһе engineer must keep in mind the 
fact that for every set of conditions 
there is а particular tvpe of plant which, 
under those conditions, will return thc 
largest dividends. The most important 
conditions affecting the design of a 
power plant are: (1) The site; (2) the 
cost of coal; (3) water supplv; (4) 
character of load; (5) capacity of the 
station. The site of a proposed plant 
is important because accessibility to a 
market for power often means lower 
investment cost and subsequent main- 
tenance of transmission lines, and avail- 
able sources of coal and water must al- 
wavs be large factors in the determina- 
tion of a proper site. In congested 
districts where real estate is high the 
designer must keep within certain rea- 
sonable limits as to floor space to keep 
down investment costs. Coal prices 
determine largely the result of possible 
competition. Hydroclectric plants can- 
not compete with steam plants when 
coal prices fall much below $2.25 per 
ton. On the other hand they are serious 
competitors if prices rise to $3.00 and 
above. Water supply affects power 
plant design very largely both in hydro- 
electric and steam plants. Abundance 
of water supplv is not alone sutficient. 
Certain localities possess water supplies 
favorable for hydroelectric plants but 


*Abstract of address before the Purdue Uni- 
versity Branch of the A. I. E. E. on November 9, 
1910. 
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very adverse to steam plants because 
vegetable growths and chemical prop- 
erties lead to annoying boiler апа con- 
denser scale. Load churacteristics de- 
termine machine types and initial in- 
vestments. Lighting loads are heavy at 
night and usually very light during the 
dav. Proper design to meet these con- 
ditions enables the installation to stand 
the peak at 100 per cent overload for a 
short time and carry the day load at 
about normal. Power loads, as rail- 
way and industrial, are comparatively 
regular and require therefore their own 
special apparatus. Load characteristics 
also affect the price at which power may 
Station capacity is of course 

upon load 
possible increase 


be sold. 
dependent characteristics 
and the іп future 
market. Every plant should be designed 
to meet competition even though it 
does not exist, for the successful plant 
is one properlv designed and engineered 
from the start. Ц has been said that 
cfficieney does not always mean econ- 
omy. Efficiency сап be had under 
ideal conditions but these are obtained 
only by high investment and main- 
tenance costs. "The designer's object 
is to combine efficiency and economy 
so as to obtain the best plant. Com- 
paratively few items varv with load 
conditions. These are coal, oil, waste, 
etc. Labor, maintenance and repairs, 
depreciation, interest, taxes, insurance, 
ete., are entirely independent of load 
conditions. Comparison of various 
tvpes of plants shows that results arc 
about equal but that first costs and fuel 
charges influence economical operation 
greatly. When one realizes that 25 
or 30 per cent of power costs above in- 
vestment charges is for fuel these facts 
impress him more. Gas engine plants 
cost more to install than steam engine 
plants and up to coal costs of $2.00 
per ton, the cheaper steam plant is а 
competitor but when coal prices are 
higher the results are reversed. Like- 
wise the hydroelectric plant is а com- 
petitor of both gas engine and steam 
plants when coal is high but at lower 
prices results may be reversed. 
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The Месажа Development of 
the Mexican Light and 
Power Company * 


BY PROFESSOR WILLIAM L. 


The development has its 
origin in the mountainous regions of 
Mexico. Ву ап elaborate. system of 
storage reservoirs, dams, dikes, tunnels 
and inverted steel siphons, extending 
buck into the country 25 miles, the 
waters of several rivers, including the 
Necaxa, are diverted into one valley, 
and there directed onto the turbine 
Wheels which drive the large electrical 
generators supplying power to the sur- 
rounding country. The City of Mexico 
has approximately 400,000 population, 
with another 100,000 near by, and it is 
planned to supply all the electrical 
needs of this population from the 
Necaxa development. Perpetual rights 
have been granted by the Mexican 
government and many millions of dol- 
lars are still to be expended іп per- 
fecting the system. Due to the warm 
gulf winds condensing upon the plateaus 
there 1s an average rainfall of 135 inches 
per year, so that with a large storage 
system such as is being constructed at 
Necaxa, the full output of the plants is 
available throughout the year. The 
most important of the dams is the 
Necaxa, which is 190 feet high, being 
the highest earthen dam in the world. 
It is 1,000 feet wide at the base, and a 
quarter of a mile across at the crest. 
When entirely completed it will be 
impound 1,590,000,000 cubic feet of 
water. It will give some idea of the 
value of every cubic foot of water when 
it is understood that one cubic foot per 
Second over the Necaxa Falls now 
means 100 h.p. on the switchboard, апа 
when the system is completed with two 
other power houses using the same 
water, one cubic foot per second will 
mean approximately 300 h.p. Тһе 
upper Necaxa Falls аге 460 feet high, 
and the lower falls аге 740 feet high. 
The connected load now on the Necaxa 
lines is 90,000 kw., and it is planned 
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Necaxa 


“Abstract of an address before the Pittsfield 
Section of the A. I. E. E. on December 8, 1910. 


TIE NECAXA DEVELOPMENT 11 


ultimately to take care of 200,000 h.p. 
The present generating plant consists 
of six dynamos, each of 6,000 kw. 
capacity, driven. by impulse turbine 
wheels, which were originally of 8,200 
h.p., but are now rebuilt for 12,000 h.p. 
Generators of 12,000 kw. capacity are 
now being built for the Necaxa system. 
These machines will be able to develop 
15,000 kw. continuously, and will be the 
largest water-driven generators in the 
world. There will be four nozzles di- 
recting water on the buckets of each of 
the water wheels driving these gen- 
erators. The transmission system con- 
sists of two separate pole lines, each 
carrying two three-phase circuits. The 
standard towers are of stecl, and are 
50 feet high, with а ground wire т- 
stalled at the top of each tower, and 
making an equilateral triangle with the 
wires of the two power circuits. The 
high tension voltage of the svstem 18 
80,000, carried on 18-inch Thomas pin 
insulators. А telephone line is strung 
on the same steel towers, and it 15 
stated that no serious disturbances have 
yet been attributed to the proximity 
of the power lines. 


Inventors' Guild 
The dissatisfaction with existing 
relations between the inventor and the 
patent law has led to the organization 
of the Inventors’ Guild, the object of 
which is stated in its constitution as 
follows: 

“The object of the Guild is to 
advance the application of the 
useful arts and sciences, to further 
the interests and secure full ac- 
knowledgment and protection for 
the rights of inventors, to foster 
social relations among those who 
have made notable advances in the 
application. of the useful arts and 
sciences." 

The membership of the Guild is 
limited to 50, and the officers are: 

Ralph D. Mershon, President, 60 
Wall St., New York: Charles Wallace 
Hunt, Ist vice-president; Charles S. 
Bradley, 2nd vice-president; Thomas 
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Robins, secretary, 13 Park Row, New 
York, and Henry L. Doherty, treasurer. 
The professional committee consists 

of: 

F. L. O. WADSWORTH, Chairman. 

Тномав A. EDISON, 

CuHas. S. BRADLEY, 

PETER COOPER HEWITT, 

MICHAEL І. PUPIN, 

Bion J. ARNOLD. 


—— — MÀ — 


Assistant Physicist of 
Standards 

The United States Civil Service Com- 
mission announces an examination on 
February 8, 1911, to secure eligibles 
from which to make certification to fill 
vacancies as they may occur in the 
positions of laboratory assistant (in 
physics) and assistant physicist in the 
Bureau of Standards, Department of 
Commerce and Labor, at salaries vary- 
ing from $900 to $1,200 per annum for 
laboratory assistant and from $1,400 
to $1,800 per annum for assistant phy- 
sicist, unless it shall be decided in the 
interest of the service to fill vacancies 
by reinstatement, transfer, or promo- 
tion. Тһе duties in connection with 
these positions are similar to those of 
assistants in the physical laboratories 
of scientific and technical institutions. 
As far as practicable, appointees are 
assigned to work in the subjects for 
which they are best fitted. 

Applicants must show that they have 
been graduated or are about to be 
graduated from colleges or technical 
schools, or that they have attained an 
equivalent education or training. 

Two days may be required for this 
examination. — Applicants must have 
reached their twentieth but not their 
thirty-fifth birthday on the date of 
the examination. 

Applicants should at once applv to 
the United States Civil Service Com- 
mission, Washington, D. C., for Form 
1312. No application will be accepted 
unless properly executed and filed, in 
complete form, with the Commission 
at Washington prior to the hour of 
closing business оп January 28, 1911. 
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Past Section Meetings 


ATLANTA 

The regular monthly meeting of the 
Atlanta Section was held on December 
7, 1910. Mr. H. P. Wood abstracted 
a report issued bv the Pennsylvania 
басе College in the form of a bulletin, 
giving the results of experiments and 
effects of alternating current waves on 
the Ше and efficiency of incandescent 
lamps. There was considerable dis- 
cussion in the course of which many 
points were brought out and new ones 
suggested. "Those taking part in the 
discussion were: Messrs. А. M. Schoen, 
E. P. Peck, Н. D. Winn, W. К. Collier, 
and M. E. Bonyun. 


BALTIMORE 

'T he Baltimore Section held its regular 
monthly meeting in the physical labora- 
tory of the Johns Hopkins University 
on November 25, 1010. An interesting 
paper, illustrated by lantern slides, on 
the subject * Industrial Motors '', was 
presented Бу Mr. А. M. Dudley. 
Mr. Dudley devoted the greater part of 
his time to a description of the applica- 
tion of the induction motor to the vari- 
ous classes of service demanded in 
industrial practice. Twenty-five mem- 
bers were present, and a spirited dis- 
cussion followed the paper. 


CHICAGO 

A joint meeting of the Chicago 
Section with the Electrical. Section of 
the Western Society of Engineers was 
held on November 23, 1910. One hun- 
dred and thirty-five members of both 
organizations were in attendance. Dr. 
Ernst J. Berg, of the University. of 
Illinois, presented à paper on the subiect 
‘Surging of Synchronous Machines.” 
The paper was discussed by Messrs. 
Lyman, Junkersfeld, Dudley, Roper, 
Jackson, Heck, Cravens, Brady, Carroll, 
Pardee, Symons, and Hirt. 


CLEVELAND 
The regular meeting bf the Cleveland 
Section was held оп Monday evening, 
November 21, 1910, іп the auditorium 


1911) 


of the National Carbon Company, with 
125 members and visitors in attendance. 
The papers presented were “ Electrical 
Characteristics of the Flaming Arc”, 
by Mr. W. R. Mott, of the National 
Carbon Company, and ‘ Luminous 
Arc", by Mr. Isador Ladof. The 
papers reviewed the historical develop- 
ment of the introduction of various 
metals in. the electrical arc to produce 
higher efficiency of light, together with 
the physical eharacteristics of the flam- 
ing arc as in use to-day. 


Fort WAYNE 

At the meeting of the Fort Wayne 
Section held on November 18. 1910, 
Mr. M. E. Griffith, of the Hooven- 
Owens-Rentschler Company, addressed 
the members upon the subject, “Тһе 
Modern Steam Engine." Mr. Griffith 
dwelt particularly upon the many im- 
provements which have been made in 
the development of the steam engine 
during the past few years. Hestated that 
in his opinion much of the improvement 
in the steam engine was due primarily 
to competition with the turbine, the 
effect of this competition being higher 
efficiency, better regulation, lower cost 
of maintenance, and greater reliability. 
Mr. Griffith had charts showing the 
steps taken in the design of the re- 
ciprocating parts of an engine to obtain 
as near uniform as possible speed regu- 
lation through the different angles of 
each cycle of revolution. Twenty- 
members were present, and nearly all 


took part in the discussion which fol- 
lowed. 


ITHACA 

The Ithaca Section held its regular 
meeting on November 19, 1910. There 
was a total attendance of 79 members 
and visitors. The paper оп “ Dielec- 
tric Strength of Oil "Бу H. W. Tobey, 
appearing in the PmRockEDINGS for 
July 1910, was abstracted by Messrs. 
М. А. Cohen and К.Н. Andrews. The 
Paper on “ [nterpoles in Synchronous 
Converters "', presented at the No- 
vember meeting in New York by Messrs 
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Lamme and Newbury, was abstracted 
by Professor H. H. Norris, and the 
New York discussion was presented 
briefly by Mr. W. C. Wagner. The 


‘paper was criticised by Professor V. 


Karapetoff, who indicated the items 
which probably led to the writing of 
the paper, the limitations of the paper, 
and the possibilities of the interpole 
converter under some conditions not 
discussed in the paper. 


At the meeting of December 2 а 
lecture was given by Mr. H. F. Stratton 
sales manager of the Electric Controller 
and Manufacturing Company, on '' The 
Practical Application of Lifting Mag- 
nets." Тһе subject was discussed under 
the following heads: Varicty of applica- 
tions; annual saving due to use of 
magnets; practical operating conditions; 
design fcatures of modern lifting mag- 
nets; tvpes of magnets; expert орега- 
tion of magnets in handling stecl plate; 
reliability and safety. One hundred 
and sixty-two members and visitors 
were present at the meeting. 


Los ANGELES 

The opening meeting of the Los 
Angeles Section for the year 1910-1911 
was held on October 25, 1910, with 59 
members in attendance. Мг. Horatio 
А. Foster presented a paper on '' The 
Necessity for Valuations.” Messrs. 
C. W. Koiner, J. А. Lighthipe, J. 
Warren, Е. F. Scattergood and Е. В. 
Northmore participated іп the dis- 
cussion. Chairman Macdonald then 
named the chairman of the various 
committees as follows: Papers, E. F. 
Scattergood; Discussions, R. J. C. 
Wood; Membership, D. D. Morgan; 
Entertainment, С. С. Pyle. These 
chairmen were empowered to select 
the members of their respective com- 
mittees. 

At the meeting of November 22, Mr. 
R. W. Shoemaker presented a short 
paper on “Тһе Trackless Trolley.” 
Messrs. R. J. C. Wood, Julian Adams, 
T. A. Panter and J. А. Lighthipe took 
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part in the discussion. Mr. В. Н. 
Manahan abstracted P. М. Downing’s 
paper on “Тһе Developed High- 
Tension Network of a General Power 
System ", which was discussed bv 
Messrs. J. H. Stockbridge, E. W. Paul, 
J. A. Lighthipe, D. D. Morgan, апа 
Julian Adams. Seventy-one members 
attended this meeting. 


MILWAUKEE 

The Milwaukee Section апа the 
Engincers Society of Milwaukee held 
their regular meeting in the Plank- 
inton House, Milwaukee, оп No- 
vember 9, 1910. Mr. W. H. Powell 
presided, and over 100 members апа 
guests were in attendance. А paper on 
'" Central Station Commercial Engi- 
neering” was read by Мг. Egbert 
Douglas, commercial engineer of the 
Milwaukee Electric Railway and Light 
Company. The paper reviewed bricfly 
the development of central station work 
and the growth of the need of what is 
now termed '* commercial engineering ”, 
іп connection therewith. A number of 
examples of the investigations of this 
branch of engineering were given, in- 
cluding the selection of proper equip- 
ments for various classes of shop work, 
data as to illumination of buildings for 
different purposes and the types of 
Wuminants available, also some of the 
problems met іп heating appliance 
loads, vehicle charging, ete. The mat- 
ter of relative costs of isolated plant 
service as compared with central station 
service was considered quite fully. Some 
rather unusual factors in the costs of 
both services were brought out and 
provoked considerable discussion. The 
discussion was quite general, being 
participated in by Messrs. Reinhardt, 
Meyer, Ells, Denhardt, Bogen, Worden, 
and Douglas. After the meeting the 
usual butfet lunch served by the Engi- 
neers Society gave opportunity for 
further discussion. 


| PHILADELPHIA 
The regular meeting of the Phila- 
delphia Section was held at the Engi- 


neers’ Club, Philadelphia, on December 
12, 1910. Owing to the absence of the 
chairman, Mr. Young, the chair was 
occupied by, Dr. George A. Hoadley. 
A paper оп“ Load Regulation by Means 
of Storage Batteries '’ was presented by 
Mr. J. H. Tracy, апа discussed by 
Messrs. Hoadley, Woodbridge, McLeod, 
Owens, Firman, Leslie, and Tracy. 


PITTSBURG 

A meeting of the Pittsburg Section 
was held on November 16, 1910, in the 
auditorium of the Engineers’ Society 
building. Тһе meeting was devoted to 
the subject of mine haulage. Papers 
were read on “ Mine Locomotives ”, 
by Mr. б. M. Eaton, and ‘ Hoisting ", 
by Mr. W. Sykes. Messrs. E. С. 
Wevne, H. L. Beach, L. C. I[llslev, 
W. W. Miller, С. М. Van Slvke and 
W. А. Thomas participated in the dis- 
cussion. Lantern slides were shown 
to illustrate the different types of 
locomotives,and the varied service for 
which they are used. A description was 
given of the hoisting drums used on 
locomotives for pulling cars from the 
‘rooms ' The use of driving rods for 
reducing the number of motors and 
Increasing tractive effort 15 coming into 
general use. Steel frames, instead of 
cust iron, by the more open construc- 
tion, make repairs more convenient, as 
well as making possible Hyhter weight 
when this is desirable. One of the 
most essential characteristics of the 
machines is that they must be саху 
to repair even with poor facilities. 
They must be run on the worst 
imaginable tracks, and if derailed 
must be uninjured and readily put 
back. For protection of the motors 
they must be able to slip the whecls, 
and yet where the locomotive; are too 
light the replacing of the worn out 
wheels is аз expensive as repairing 
burned out motors. Gears are found 
to wear longer without gear cases than 
with them, duc to the fact that when 
the cascs are opened in the repair shop 
they cannot be reassembled tightly, 
and thus catch and hold the grit. 
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Тһе greatest refinements in design 
of hoisting machinery аге necessary 
only where power 1s comparatively ex- 
pensive. А svstem has been designed 
similar to that used for rolling mills; 
namclv, using а fly-wheel with a motor- 
generator set. In this case the control 
is by means of the generator field. 
Besides being much less wasteful of 
power than rheostatic control, it is 
possible to regulate the speed of the 
hoist much more accurately, particu- 
larly at low speeds. In very deep 
mines the weight of the rope becomes an 
important factor. This cannot be 
taken care of by a counterweight since 
the weight of the rope acts in an oppo- 
site direction at the top from what it 
does at the bottom. This is sometimes 
taken care of by the use of an endless 
rope, it being thus completely counter- 
balanced at all times. 

About 90 members attended the 
meeting. 


PITTSFIELD 

At the semi-monthly meeting of the 
Pittsfield Section, held оп November 
26, Мг. W. W. Lewis, of the General 
Electric Company, addressed the mem- 
bers on " The Theory and Connections 
of Compensators." Mr. Lewis pointed 
out the fact that when the applied alter- 
nating current voltage is nearly equal 
to the voltage which it is desired to 
derive thereform, а very marked saving 
in size, and therefore in cost, can be 
made by the use of a compensator as 
compared to the transformer. When, 
however, it is desired to separate the 
two circuits, as is required on the ordi- 
nary lighting systems in order that there 
may be no danger of shock to the con- 
sumer, it is necessary to use the alter- 
nating current transformer. Ав il- 
lustrating various uses of the compensa- 
tor, the following types were taken up 
and explained: the house-compensator, 
which transforms the standard 110-volt 
supply to 274 volts for use on low voltage 
tungsten lamps; the sign compensator, 
which finds its use in transforming from 
110 to 11 volts in order to be applied to 
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the small lamps in lighting large elec- 
trical signs; the so-called three-wire 
compensator used in deriving a neutral 
wire for direct current generators; the 
rallway compensator, which 15 installed 
on the cars of alternating current sys- 
tems and transforms high voltage supply 
such as 6600 volts to 500 and 600, for 
use on the driving motors. These 
compensators, by the use of taps lo- 
cated at the proper points of the wind- 
ings, also. supply power to the air 
compressors, heaters, lights, etc., on 
the cars. The two to three-phase com- 
pensator was also explained. Finally, 
the regulator, both in its single and 
threc-phase forms was shown by means 
of diagrams to be a form of compensator, 
differing however, in that the phase re- 
lations of the two sections of the com- 
pensator windings could be changed at 
will. 


On December 8 the members were 
addressed by Professor William L. 
Hooper, of Tuft's College, who spoke 
on the subject, “ The Necaxa Develop- 
ment of the Mexican Light and Power 
Company." The meeting was held in 
the Wendell Hotel, and was preceded 
by an informal dinner with Professor 
Hooper as guest of the evening. Before 
introducing the speaker, ChairmanBlake 
mentioned the lack in Pittsfield of a good 
library of technical literature, and 
announced that the city librarian, 
Mr. H. H. Ballard, would be given a 
few minutes to present the matter be- 
fore the Section. As a result a com- 
mittee was appointed to confer with 


. Mr. Ballard to devise ways and means 


of providing an adequate supply of 
technical books and periodicals. Pro- 
fessor Hooper was then introduced. 
An abstract of his address is printed 
elsewhere in this issue. | Eighty-two 
members were present at the meeting. 


Ровті,Ахр, OREGON 
The second regular meeting of the 
Portland Section was held in the 
assemb]y hall of the Electric Building, 
Portland, on Tuesday evening, No- 
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vember 15, 1910. Two papers were 
presented; " High Tension Transmis- 
sion ", by Mr. W. R. Wakeman, and 
“ Insulators ”, by Мг. Paul Lebenbaum. 
These were followed by a short talk on 
“ Aluminum as a Conductor”, by 
Mr. L. B. Cramer. Mr. Wakeman gave 
the Section an interesting comparison 
betwcen actual values obtained by tests 
on a high tension transmission line, and 
values computed from the theorctical 
data published by Mr. Franklin in the 
General Electric Review. Mr. Leben- 
baum's paper dealt extensively with 
the manufacture of high tension insu- 
lators and the testing of the same. Mr. 
Cramer's talk dealt principally with 
his personal experience with aluminum 
as a conductor for transmission pur- 
poses. i 


The third regular meeting of the 
Section was held in the Electric Build- 
ing, Portland, on December 13, 1910. 
The paper of the evening was presented 
by Mr. W. H. Evans, of the Southern 
Pacific Company, on “ The 1200-Volt 
Direct-Current Railway Installation 
of the Central California Traction 
Company." This paper was followed 
by a talk on “ Construction and Bond- 
ing ", by Mr. T. Baldwin, of thc Port- 
land Railway, Light and Power Com- 
pany. Among the visitors at the meet- 
ing was Mr. А. H. Babcock, of the 
Southern Pacific Company, who took 
part in the discussion and gave his 
personal experiences with various rail- 
way systems and bonding and overhead 
construction. 


Y 
бт. Louis SECTION 


The November meeting of the St. 
Louis Section was held in the electrical 
laboratory of Washington University, 
St. Louis, on November 9, 1910, with a 
total attendance of 38, and Chairman 
С. W. Lamke presiding. The commit- 
tee on representation of the St. Louis 
Section on the Board of Directors of 
the American Institute of Electrical 
Engineers recommended that an effort 
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be made to secure the nomination and 
election of a member of the Section as 
one of the managers of the Institute. 
The report was accepted, and Mr. A.H. 
Timmerman, chief engineer of the 
Wagner Electric Manufacturing Com- 
рапу, was unanimously selected as the 
candidate of the Section for this office, 
and the committee was instructed to 
take the necessary steps in behalf of 
Mr. Timmermann's nomination and to 
carry on а vigorous campaign to put his 
name before the membership of the 
Institute. After the disposal of this 
and several other business matters, thc 
following papers were read: ‘* Trans- 
former Iron Losses-'", by Mr. С. А. 
Waters, and “ Induction Motor Iron 
Losses ", by Mr. F. J. Bullivant, both 
of the Wagner Electric Manufacturing 
Company. Mr. Waters' paper described 
the acceptance tests made on the iron 
when received from the rolling mill, 
the apparatus used, and the corrections 
which must be applied to eliminate 
errors. Methods were also given of 
separating the eddy current and hy- 
steresis losses. Mr. Bullivant in his 
paper called attention to the difference 
in iron losses as tested on the finished 
motor and as found by the transformer 
method just deseribed by Mr. Waters, 
special attention being called to the 


‘effect of the motor teeth on the wave 


form of the impressed e.m.f. in produc- 
ing higher harmonics and thereby in- 
creasing the iron losses. A method 
was also given for deriving the motor 
iron loss curve. The value of the 
papers was greatly increased by lantern 
slides illustrating the principal points 
brought out by the speakers. The dis- 
cussion which followed was partici- 
pated in by Messrs. Langsdorf, Fynn, 
Timmerman and others. At the con- 
clusion of the discussion, Professor 
Langsdorf, assisted by Messrs. G. W. 
Lamke апа С. W. Picksen, gave ап 
oscillograph demonstration of the in- 
fluence of the interaction of rotor and 
stator teeth. on the wave form of 
the e.m.f. in single-phase induction 
motors. 


1911) 


ЗАМ FRANCISCO 

Тһе San Francisco Section held its 
November meeting in the Home Tele- 
phone Building on November 18, 1910. 
The paper of the evening was entitled 
" The Induction Motor and Genera- 
tor ", by Мг. Е. С. Baum, which was 
read Бу Mr. W. А. Hillebrand, of 
Stanford University, іп the absence of 
the author. The paper dealt with the 
theoretical. development leading up to 
the practical application of the induc- 
tion gencrator, and those who may be 
interested in the subject can find it 
printed in full in the Journal of Elec- 
tricity, Power and Gas, issue of Novem- 
ber 19, 1910. The paper was discussed 
by Messrs. Charters, Downing, Lis- 
berger, Jorgensen, Halloran, and Ship- 
man. 


SCHENECTADY 


Mr. G. H. Aymar, of the Kinemacolor 
Company of America, addressed an 
audience of about 600 members and 
visitors at the meeting of the Schenec- 
tidy Section held оп November 21, 
1910. Mr. Aymar described the optical 
principles by which moving objects are 
photographically reproduced in color. 
А demonstration of moving pictures іп 
natural colors followed the address. 


On December 6 nearly 500 members 
gathered to hear a lecture by Dr. 
Steinmetz on '" Energy Loss Through 
Corona on Extra High Voltage Alter- 
nating Current Lines." The lecture 
was attended by a demonstration with 
apparatus especially installed for the 
purpose, showing a miniature trans- 
mission line stretched across the hall in 
operation at nearly 100,000 volts. 
Among those who took part in the dis- 
cussion of the subject were Messrs. 
Е. О. Blackwell, Н. W. Buck, and 
G. Faccioli. 


TOLEDO 
The members of the Toledo Section 
at their regular monthly meeting held 
on December 2, 1910, were addressed 
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by Mr. C. B. Cook, on the subject of 
“ Adaptability of the Electric Motor.” 
The development in design, and the 
selection of types of motors for special 
work, together with features of im- 
portance to be considered in practice, 
were discussed. In plants requiring 
many motors of different power, the 
advantage of carrying a minimum of 
repairs is obtained by adopting common 


‘frames in small ranges of power varia- 


tion, so that one size of framc may be 
used for motors of three or four different 
power ratings. Temperature  condi- 
tions are also factors in the selection 
of a motor, while the economy of elec- 
tric power under certain circumstances 
of factory operation may not be such 
as to warrant superseding steam. 
With variable speeds and general possi- 
bilities of a wide range of use, the field 
of value of the motor is constantly 
broadening. 

Inasmuch as a movemoent is on foot 
to have the annual convention of the 
Institute next June held in the middle 
West, the executive committee of the 
Toledo Section was instructed.to place 
before the Institute Meetings and 
Papers Committee the claims of Toledo 
for recognition as a suitable place for 
holding the convention. 


TORONTO 
The Toronto Section held its De- 
cember meeting at the Engineers’ 


Club, Toronto, on Friday, December 
16. Mr. A. L. Mudge read and dis- 
cussed a paper presented by Mr. A. S. 
Loizeaux at the annual convention of 
the Canadian Electrical Association 
entitled ‘‘ The Protection of Service in 
Large Electrical Systems." Mr. Mudge 
added numerous notes to the original 
paper. А rather lengthy discussion 
followed the reading of the paper. 
Those who took part in the discussion 
were, Messrs. R. G. Black, A. Joyner, 
E. M. Ashworth, A. E. Hibner, J. G. 
Jackson, А. J. Soper, А. S. L. Barnes, 
C. T. Bowring, E. Richards, Logan, 
and Hewson. 
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SEATTLE 

The Seattle Section held its second 
meeting on October 15, 1910, in the 
Chamber of Commerce Building, Seattle 
Mr. Lindsay, in behalf of the Seattle 
Electric Company, tendered the use of 
the lecture room in the Electric Building 
for future meetings. Dr. C. E. Mag- 
nusson presented an informal paper 
entitled, “ Theory of Synchronous Mo- 
tors.” Forty-eight members меге 
present. 


The November meeting was held in 
the lecture room of the new Electric 
Building, by courtesy of the Seattle 
Electric Company, оп November 19 
1910. Mr. R. A. Hopkins read a paper 
on ‘ Street Lighting ”, covering a series 
of tests made to determine the efficiency 
of the methods of street lighting in use 
in Seattle and the desirability of each 
method for the different parts of the 
city. Curves showing distribution. of 
light from arcs, tungsten clusters, series 
tungsten, and series carbon lamps, 
were shown. 


WASHINGTON, D. С. 

The regular meeting of the Washing- 
ton Section was held оп December 13, 
in the Telephone Building, Washing- 
ton. Mr. А. H. Lawton, assistant chief 
electrical engineer. of the New York 
Edison Company, read а paper, il- 
lustrated by lantern slides, describing 
the electric development of that com- 
pany. There was an unusually large 
attendance, nearly 100 members and 
visitors being present. 


Past Branch Meetings 
ARKANSAS UNIVERSITY 

The members of the University of 
Arkansas Branch met in the engi- 
neering hall of the university оп No- 
vember 22, 1910. The principal feature 
of the meeting was a paper read by Mr. 
Е. 5. White giving a description of the 
Rock Island arsenal, which he visited 
recently. Мг. White gave а brief 
history of the place, amd described the 
government works there, giving special 
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attention to the electrical power plant. 
Professor W. B. Stelzner then gave a 
brief talk on the method of calculating 
core losses in a generator. 


On December 13 Mr. N. В. Langhin- 
house gave an abstract of the Institute 
paper on “ Testing Steam Turbines and 
Steam Turbo-Generators ", printed in 
December PROCEEDINGS. Тһе paper 
was discussed by Professor Stelzner. 
Professor О. D. Wanamaker, head of 
the English department, gave an ex- 


cellent paper on “ Engineering Eng- 
lish.” He discussed the subject from 


the utilitarian апа cultural points of 
view, and made it clear that as the 
standard of written and spoken English 
is rapidly being raised, all educated 
persons, whether engineers or not, 
should have a thorough command of 
good English. 


ARMOUR INSTITUTE OF TECHNOLOGY 


The second meeting of the Armour 
Institute of Technology Branch was 
held on November 17, 1919. Mr. G. E. 
Williams read а paper on “ Otis Elec- 
tric Elevator Control." Mr. Williams 
gave an outline of the сайу develop- 
ment of the electric elevator from the old 
rope-operated type to the present day 
electric system. He also discussed 
the principles of the Otis control, 
the safety apphances, the aceclerating 
magnet, the load magnet, and dynamic 
breaking. Lantern slides were used to 
illustrate the various features discussed. 


САЗЕ SCHOOL OF APPLIED SCIENCE, 
CLEVELAND, Ошо 

Meetings of this Branch. were held 
on November 14 and November 21, 
1910. The following papers were prc- 
sented at the meeting of November 14: 
“History and Theory of Turbo-Alter- 
nators ", by J. T. Fitzsimmons; ‘ Con- 
struction and Operation. of Turbo- 
Alternators ", by F. H. Ziechman; 
“ General Use and Efficiencies of the 
Turbine апа Turbo-Alternator." At 
the meeting of November 21 Mir. 
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Moore gave an illustrated talk оп 
“ Electric Heating." 


UNIVERSITY OF COLORADO 

A mecting of this Branch was held 
on November 16, 1910, in the Hale 
Scientific Building of the Universtiy of 
Colorado. А lecture. was given by 
Mr. А. L. Jones, district engineer of the 
General Electrice Company, at Denver, 
Colo., on the subject of “ Steam Tur- 
bines."' i 


At the meeting held on December 14, 
Mr. С.Н. Wiliams, of Denver, Colo., 
delivered an address on '* The Progress 
of Students and Important Fields Open 
to Graduates.” Fifty-six members and 
visitors were present. 


STATE AGRICULTURAL 
COLLEGE 

The mecting of this Branch on No- 
vember 16, 1910, was devoted to a dis- 
cussion of the problems in design and 
operation of very large electrical gen- 
erating systems, which was led by 
Мг. А. Е. Johnson. Professor F. А. 
DeLay then gave a talk on some 
'* don'ts,” concerning instruments. 


COLORADO 


At the meeting of November 30, Mr. 
В. E. Behrens gave а talk on “ The 
Mercury Are Rectifier.” Мг. А. А. 
Catlin spoke on the subject об“ Tung- 
sten Lamps.” 


STATE UNIVERSITY OF IOWA 

This Branch held its regular semi- 
monthly meetings оп November 15 
and November 28, 1910. At the meet- 
ing of November 15 Mr. E. B. Alcorn 
abstracted Frank Koester’s “ Review of 
Hydroelectric Practice.’ On November 
2% Professor А. Н. Ford discussed the 
subject, " Rates for Electric Service.” 


Клх5аз STATE AGRICULTURAL 


COLLEGE 
The regular monthly mecting of the 
Kansas State Agricultural College 


Branch was held on December 6, 1910. 
Ihe program was as follows: *“ The 
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Daylight Efficiency of Artificial Il- 
luminants ", Бу О. G. Blattner; “Тһе 
Proper Illumination of Business Houses” 
Бу F. W. Krotzer; “ Street. Illumina- 
tion ", by L. L. Bouton; “ Illumination 
of the беп”, bv G. S. Croyle; “ Con- 
struction and Use of the Illuminometer'' 
by C. L. Shaw; '' Demonstration. of 
Holophane Shades ", by W. C. Lane. 


UNIVERSITY OF KANSAS BRANCH 

This Branch held its regular meeting 
on December 7, 1910, 41 members being 
present. The program consisted of a 
paper on “ The Oscillograph and Its 
Uses ", by Mr. Coors, and an abstract 
of current clectrical literature Бу Mr. 
F. C. Walden. Among the subjects 
taken up were the electric method of 
heating brass for lacquering, and 
automobile electric lighting. 


On December 14 Mr. Ernest Weibel, 
of the Bureau of Standards, gave a talk 
on the “ Electrical Work at the Bureau 
of Standards, Washington, D. C." 
Professor E. F. Stimpson followed with 
an address on '* Weights and Measures 
at Bureau of Standards." Forty тет- 
bers attended the meeting. 


STATE UNIVERSITY OF KENTUCKY 

This Branch was authorized by the 
Institute Board of Directors on October 
14, 1010. The following officers, com- 
prising also the executive committee 
have been elected: Chairman, J. B. 
Sanders; vice-chairman, J. J. Fitz- 
patrick; secretary, J. А. Boyd; treasurer, 
A. B. Haswell, and А. M. Wilson. 


Lewis INSTITUTE 

The Lewis Institute Branch opened 
its fourth vear of active work оп 
November 23, 1910, with an illustrated 
lecture on “Тһе Generation of Elec- 
tricity in the Largest Steam Turbine 
Station in the World ", by Mr. W. L. 
Abbott, chief operating engineer of the 
Commonwealth Edison Company, Chi- 
cago. Mr. Abbott first explained by 
means of diagrams the plans and com- 
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parative dimensions of the station, 
showing the great economy of space 
obtained by the use of turbo-generators 
instead of the reciprocating engine 
type. Тһе development and perfec- 
tion of the steam turbine was shown by 
numerous lantern slides. The con- 
struction and operation of modern 
steam turbines, such as агс used in 
steam turbine stations, was also shown 
bv means of slides. Mr. Abbott next 
spoke of the handling and burning of 
the large quantities of coal necessary to 
produce the enormous power required 
for the turbines. Steam boilers, super- 
heaters, automatic stokers were dis- 


cussed and illustrated by diagrams and. 


photographs. In conclusion the ecf- 
ciencics of the various installations from 
coal pile to bus bar were given. Ap- 
proximately 475 members attended the 
mceeting. 

The next meeting of the Branch was 
held on December 13, and was attended 
by about 200 students and members. 
The speaker scheduled for the evening 
was James Lyman, of the General 
Electric Company, Chicago, who un- 
fortunately was unable to be present, 
but his place was ably filled by his 
assistant, Mr. Harry Gilbert, formerly 
of Lewis Institute. Мг. Gilbert. read 
the paper, which gave his particulars of 
the hydroclectric developments of three 
water-power companies in the West; 
namely, the Great Western Power 
Companv, the Stanislaus Power Com- 
pany, and the Los Angeles Aqueduct 
Project. The talk was supplemented 
with slides, maps апа photographs 
showing the various developments. 


UNIVERSITY OF MAINE 

The University of Maine Branch held 
a meeting on December 1, 1910, at 
which Mr. А. В. Larcher read a paper 
on “Тһе Manufacture of Wood Pulp 
by the Soda Process." Mr. Larcher 
classified wood pulp and enumerated 
the different processes of manufacture, 
discussing in detail the “ soda process.” 
He also spoke of the labor and cost in- 
volved and the power required to 


[Jan. 


operate a pulp mill. There was a 
total attendance of 43 members and 
visitors. 


UNIVERSITY OF MISSOURI 


At the meeting of this Branch held on 
November 14, 1910, Messrs. Т. 5. 
Haddaway and J. P. Kobrock presented 
an abstract of the Institute paper by 
Messrs. Osborne and Pender on “ Po- 


tential Stresses in Dielectrics ", ap- 
pearing in the October 1010 Рко- 
CEEDINGS. Mr. Haddaway gave the 


derivation and explanation of the equa- 
tions used, and Mr. Kobrock reviewed 
the conclusions arrived. at. In the 
course of the discussion the analogy 
between the electric stresses іп the 
dielectric around a cylindrical conductor 
and the mechanical stresses іп thick 
cast-iron cylinders was pointed out and 
the futility of trying to increase the 
breaking strength in either case by рїї- 
ing more material on the outside. 


UNIVERSITY OF NEBRASKA 

Forty members of this Branch met 
in the electrical engineering. building 
of the university оп November 10, 
Professor George H. Morse presiding. 
The program committee announced 
a complete program for the vear, of 
which copies were distributed to the 
members present. Тһе membership 
committee announced the result of its 
campaign for new members. Professor 
Hollister then introduced the speaker of 
the evening, Professor L. B. Tuckerman 
who gave a talk on '' Wireless Tele- 
graphy.” 


NORTH CAROLINA COLLEGE OF AGRI- 
CULTURAL AND MECHANIC ARTS 


A meeting of this Branch was held 
on November 1, all the members of the 
senior class being present. The Insti- 
tute paper entitled “ Potential Stresses 
in Dielectrics '', by Messrs. Osborne апа 
Pender was abstracted by Professor 
W. Hand Browne, and then discussed 
by those present. 
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Оно STATE UNIVERSITY 
Instead of the regular meeting, the 
members of the Ohio State University 


Branch were guests at a meeting of the 


Columbus Section of the American 
Chemical Society, held on November 11, 
1910, at which Dr. Wilder D. Bancroft, 
professor of physical chemistry at 
Cornell University, and president of 
the American Chemical Society, deliv- 
ered an address on “Тһе Measurement 
of Temperatures of Electric Furnaces.” 


PURDUE UNIVERSITY 

The fourth meeting of the Purdue 
University Branch was held on the 
evening of November 9 in the lecture 
room of the electrical engineering build- 
ing. and was addressed by Professor 
J. W. Esterline, formerly associate 
professor of electrical engineering at 
Purdue, on the subject, “ Some Funda- 
mental Principles of Power Plant 
Design." One hundred and sixty-six 
members were present. Ап abstract 
of the address is printed elsewhere in 
this issue. 


On November 22 eighty members of 
the Branch were present to hear a 
paper бу Мг. C. E. Hansel, electrical 
engineer for the Duncan Electric 
Manufacturing Company, and an alum- 
nus of Purdue of the class of '07. Mr. 
Hansel's subject was ‘Some Funda- 
mental Features of Direct Current 
Watthour Meters.” The different 
fundamental types of meters were dis- 
cussed and the manufacture of the 
fundamental parts of meters was de- 
scribed, together with features of de- 
sign to overcome certain practical 
difficulties; Numerous types and makes 
of watthour meters were exhibited, 
together with many of their individual 
parts. One of the most interesting of 
these exhibits was a portable rotating 
standard set for testing watthour meters 
on the consumer's premises. The most 
prominent feature of this apparatus 
15 the revolving drum controller for 
connecting the field turns of the meter 
іп series or parallel as desired. At 
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the close of the lecture there was some 
discussion and an inspection of the 
exhibits. 


RENSSELAER POLYTECHNIC 
INSTITUTE 

The first meeting of this Branch was 
held on December 17, 1910, 50 members 
and visitors being present. Mr. G. H. 
Stickney, of the illuminating engineering 
department of the General Electric 
Company, read a paper on ‘ Some 
Recent Developments in Electric Light- 
ing.” 

SYRACUSE UNIVERSITY 

At the regular monthly meeting of 
the Syracuse University Branch, held 
on November 17, 1910, Mr. R. D. 
Whitney ‘10 read a digest of the In- 
stitute paper by Messrs. Osborne and 
Pender on “ Potential Stresses in 
Dielectrics ”, printed in the October 
PROCEEDINGS. The paper was discussed 
by the members present. 


A special meeting of the Branch was 
held on December 3. Mr. Saul Lavine, 
of the General Electric Company, pre- 
sented a paper on “ Switchboards for 
Central Stations ", іп which he re- 
viewed the history of their develop- 
ment. The lecture was illustrated with 
lantern slides, and some of the latest 
types of control boards were shown. 
About 200 students and members were 
present. | 


Тһе regular mecting was held оп 
December 15, Dr. W. P. Graham 
presiding. Мг. F. B. Mead read ап 
abstract of the Institute paper оп 
*" [nterpoles in Synchronous Convert- 
ers", appearing іп the November PRo- 
CEEDINGS. 


THROOP POLYTECHNIC INSTITUTE, 
PASADENA, CAL. 

The Throop Polytechnic Institute 
Branch, which was authorized by the 
Institute Board of Directors on October 
14, 1910, held its first regular meeting 
on Friday evening, November 11. 
An address was given by Mr. C. W. 
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Koiner, superintendent of the Municipal 
Lighting Department, of: Pasadena, 
Cal., on “ General Work and Organiza- 
tion of the American [nstitute of Elec- 
trical Engineers." 


The second regular meeting was held 
on Friday evening, December 9. The 
program consisted of two papers. 
The subject of the first paper was 
“Operation and Maintenance of Steam 


Boilers for Small Central Stations,” 
by Messrs. Lewis and Gerhart. The 
second paper, оп the subject, “А 


Modern Battery Telephone Exchange ”, 
was presented by Mr. L. А. Garv, 
district. representative. of the. Western 
Electric Company. Both papers were 
discussed. 

A committee was appointed to draft 
a set of by-laws and report at the next 
meeting of the Branch. 


WASHINGTON STATE COLLEGE 

Regular meetings were held by this 
Branch on November 12, November 19, 
and November 26, 1910, with an average 
attendance of 16 members. 

At the meeting of November 12 Mr. 
Kneen gave a review of a paper pre- 
sented by Mr. George Westinghouse 
before the mechanical engineering so- 
cieties оп “Тіс Electrification of 
Trunk Line Railways." On November 
19 Professor Carpenter presented an 
original paper entitled “ Applications 
of Logarithmic Scales in Plotting Elec- 
trical Enginecring Data." The different 
types of equations which сап be repre- 
sented by straight line graphs by using 
cross section sheets with different com- 
binations of logarithmic, uniform and 
reciprocal seales were explained. and 
examples given. Оп November 26 Pro- 
fessor Akers read а paper explaining 
the application of air-core reactive 
coils to synchronizing and load balanc- 
ing of alternators running in parallel. 


WASHINGTON UNIVERSITY, 
St. Lovis, Mo. 
The regular meeting of this Branch 
was held on December 6, 1910. A 


(ап. 


Railway Шипипайоп " was 
Негіпр апа 


paper on *' 
presented 
Kantowitz. 


by Messrs. 


WORCESTER POLYTECHNIC INSTITUTE 

At a mecting of this Branch held 
on November 11, 1910, Мг. Fred H. 
Smith, assistant superintendent of the 


Worcester Electric Light Company, 
addressed 110 members and their 
friends on “ The New Power Plant 


of the Worcester Electric Light Com- 
pany ". The lecture was illustrated by 
lantern slides. The power station is on 
Webster Street, Worcester, near the 
center of the load. The boiler equip- 
ment consists of six Stirling boilers, of 
600 h.p. capacity cach, mounted in 
pairs, with Taylor underfeed stokers. 
Westinghouse turbo-generators of 2,500 
k.v.a. each, at 3,000 r.p.m., are used, 
with Wheeler jet The 
ultimate capacity of the plant will be 
8,000 kw., the installation at present 
being for 6,000 kw. Five tie feeders 
connect the new station with the old. 
Work on the new station was com- 
menced last Mav, and one unit was in 
operation on November 2. 


condensers. 


' Personal 


Mr. WiLLIAM S. JOHNSON, Stanford 
"05, is at home for an extended visit 
with his parents in St. George, N. B. 


Мк. J. ALEXANDER PARKER has 
changed his address from 1202 Jasmine 
Street, Los Angeles, Cal., to 664 Cleve- 
land Avenue, San Diego, Cal. 


Mr. Epwarp М. Error has left the 
Wenatchee Electric Company, Wenat- 
chee, Wash., to enter the Portland 
(Oregon) enginecring office of the Pacific 
Power and Light Company. 


MR. CHARLES С. ARMSTRONG, con- 
sulting engineer, of New York City 
has taken into partnership his son, 
Francis J. Armstrong, under the firm 
name of Charles G. Armstrong and Son. 
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МЕ. L. S. NELSON has been trans- 
ferred from the engineering department 
of the National Electric Lamp Associa- 
tion to the construction department of 
the same company, at Cleveland, Ohio. 

Mr. WALTER А. HALL, assistant 
engineer of the transformer department 
of the General Electric Company, has 
resigned to become assistant to the 
manager of the Lynn works of that 
company. 


WILLIAM S. TWINING, for 15 
chief. engineer of the Phila- 
delphia Rapid Transit Company, re- 
cently resigned to become engineering 
manager with Ford, Bacon and Davis, 
New York City. 


MR. 


years 


MR. C. A. MANN recently resigned 
from the North Shore Electric Company 
and has opened an office at 911 Com- 
merce Building, Kansas City, Mo., 
where he will conduct a general clec- 
trical engineering business. 


Mr. WiLLS MACLACHLAN has been 
appointed electrical engineer for the 
сиу of London, England. Mr. Mac- 
lachlan was for some time with the 
Westinghouse Electric апа Manufac- 
turing Company, Pittsburg, Pa. 


Мк. FRANK S. HATCH resigned on 
October 1 as electrical engineer with 
the High Creek Electric Light and 
Power Company, of Richmond, Utah, 
and ts now with the Utah Light and 
Railway Company of Salt Lake City, 
Utah. 

Mr. Cart BENDEKE, of the Ontario 
Power Company of Niagara Falls, 
has resigned his position to accept an 
appointment by the Norwegian Govern- 
ment as electrical engineer at the 
Patent Office, Christiania, Norway. 


Mr. Е. Х. GoopMan, until recently 
district sales manager of the Electro- 
Dynamic Company, Cincinnati, Ohio, 
has resigned to accept the position of 
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chief engineer of the Eck Dynamo and 
Motor Company, Belleville, N. J. 


Mr. С. Е. Носі.Е, formerly engineer 
in charge, Garden City project, U. 5. 
Reclamation Service, has been ap- 
pointed hydroelectric engineer in the 
Porto Rico Irrigation Service, with 


headquarters at Guayama, Porto Rico. 


PROFESSOR FRANCIS B. CROCKER, of 
Columbia University, has been granted 
а leave of absence, and 1$ spending the 
winter in Havana to escape the cold 
weather. He is engaged in writing 
and other professional work there. 


MR. L. В. WoopHuLL has resigned 
as secretary and treasurer of the 
Thwing Instrument Company, of Phila- 
delphia, to accept a position in the 
factory engineering department of the 
Western Electric Company's New York 
factory. 

MR. CLARENCE WORTMAN, formerly 
in the engineering department of the 
Bay Cities Home Telephone Company 
of San Francisco, Cal. recently re- 
signed to accept a position in the plant 
department of the Chicago Telephone 
Company. 


MR. D. W. Burke, former district 
engineer for the Westinghouse Electric 
and Manufacturing Company at Butte, 
Montana, has accepted a position as 
commercial engineer with the industrial 
and power sales department at East 
Pittsburg. 


Mr. С. F. ]онхзох has left the 
General Electric Company апа ac- 
cepted a position as general sales engi- 
ncer for the Sangamo Electric Company 
of Springfield, Ш. Mr. Johnson's pres- 
ent address ts 133 N. 16th Street, Phila- 
delphia, Pa. 


MR. Озкак FRIEDRICH has resigned 
from the General Electric Сотрапу, 
Schenectady, and is now with the 
Guarantee Construction Company, 140 
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Cedar Strcet, New York City. Mr. 
Friedrich's mailing address is 453 East 
160th Street, New York City. 


MR. C. V. Turner, for the past 
three and a half years superintendent 
of the Laurcl Creek Electric Company, 
of Lawton, W. Va., resigned on De- 
cember 1 to accept the position of elec- 
trical engineer for the Pierce Phosphate 
Company, of Pierce, Florida. 


MR. RICHARD M. VAUGHAN, engineer 
and district manager of Kilbourne 
and Clark Company's Portland (Ore- 
gon) office, has resigned to become 
engineer for the Caldwell Brothers 
Company, with headquarters in Seattle, 
Wash. | 


MR. А. С. Sturrock, formerly 
superintendent of the Aguascalients 
Electric Light and Power Company, 
Aguascalients, Mexico, has resigned to 
become a member of the firm of the 
Northwest Oil Burner and Equipment 
Company, 315 Couch Building, Port- 
land, Oregon. 


MR. H. E. TIMMERMAN, for the past 
ycar superintendent of line construction 
and contractor for the Seymour Power 
and Electric Company of Cambellford, 
Ontario, has resigned to accept a similar 
position with the Hydro-Electric Power 
Commission of Ontario. 


— 


Mr. E. LE К. WALLACE has resigned 
as instructor in electrical and me- 
chanical engineering at the American 
School of Correspondence, Chicago, to 
accept the appointment of Assistant 
examiner, Patent Office, Washington, 
D. С. Mr. Wallace is a graduate of 
the Armour Institute of Technology. 


Мк. CHARLES A. WARD has removed 
from Pittsburg to New York City; 
the Pittsburg Motor Vehicle Company, 
of which he is secretary and treasurer, 
having just completed a new factory at 
Concord Avenue and East 143rd Street, 


New York City, for the exclusive manu- 
Jacture of commercial electric vehicles. 


Mr. W. Н. RosECRANS, formerly 
chief engineer of the hydroelectric de- 
partment of the Arnold Company, has 
opened offices at 110 La Salle Street, 
Chicago, and will engage in a general 
consulting engineering practice. Mr. 
Rosecrans has associated with him C. E. 
Freeman, I. Е. Brook, A. H. Marshall 
and H. G. Raschbacher. 


Mr. J. Е. Witson, having completed 
the design and installation of a control 
power plant for Southwestern College, 
Winfield, Kansas, has entered the em- 
ploy of the Illinois Steel Company, апа 
is at present engaged on power plant 
work in connection with the design of a 
new 20,000-kw. plant for the Joliet 
works of the company. 


MR. Е. С. BoLLEs, commercial engi- 
neer of the Allis-Chalmers Company. 
has resigned to devote his entire atten- 
tion to the Reliance Enginecring and 
Equipment Company, 415-417 Engi- 
neering Building, Milwaukee, Wis., in 
which he has an equal interest with C. 
A. Tupper and others. The company 
has recently extended the scope of its 
operations. 


MR. Тномав J. WALSH, until re- 
cently engineer with the Stone and 
Webster Engineering Corporation of 
Boston, has opened an office as con- 
sulting mechanical and electrical engi- 
neer at 141 Milk Street, Boston, Mass. 
Mr. Walsh will make a specialty of 
economy in power plant operation with- 
out extra investment for plant equip- 
ment. Не is also prepared to make 
examinations, reports, estimates and 
designs for electric and manufacturing 
power and lighting plants. 


MR. M. ANDERSON, chief engineer of 
the Kansas City Electric Light Com- 
pany and the Kansas City Heating 
Company, of Kansas City, Mo., has 
resigned to accept a position with the 
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Commonwealth Power Company, of 
Jackson, Michigan, іп charge of the 


operation of power houses and trans- 
mission lines on the western division 
of the company's properties. His head- 
quarters will be at Kalamazoo, Mich. 


Мк. Emit LEONARZ has left Messrs. 
Schoendube and Neugebauer, of Mexico 
Citv, to open an olfice as consulting 
engineer at За Gelati 1007, Tacubaya, 
Mexico City. Mr. Loenarz was for 
about 10 vears electrical engineer of 
the factory Electrizitaats-Akticn-Gescll- 
schaft Schuckert and Company, Nuern- 
berg, Germany and Siemens Schuckert- 
Werke. Subsequently he held the same 
position. with the Mexican Light and 
Power Company. 


Mr. А. М. Cope has resigned as gen- 
eral superintendent of the Springfield 
Light. Heat and Power Company of 
Springfield, Ohio, and taken an interest 
in {һе Electric Supply Companv, of 
Columbus, Ohio. With C. C. Slater 
he has incorporated two companies; 
the Capitol Engineering Company, to 
do consulting engineering, and the S. С. 
Construction Company, to do general 
contracting. The offices of the compan- 
ies are at 45 North Third Street, Co- 
lumbus, Ohio. 


Library Accessions 
The following accessions have been 
made to the Library of the Institute 
since the last acknowledgment: 
L'Academie des Sciences de L'Institut 
de France. Memoires and Atlas. 


Vol. 51, ser. 2. Paris, 1910. (Gift 
of C. O. Mailloux.) 
Association of Edison Illuminating 


Companies. Minutes of Meetings. 
l-17th, 1885-1901. V. p., 1886— 
1902. (Purchase.) 

Chicago Traction, Board of Super- 
vising Engineers. Annual Report 
2d, 1909. Chicago, 1910. (Gift of 
Bion J. Arnold.) 

Congreso Cientifico (1° Pan-Americano) 
Ciencias Fisicas. Vol. V-II Seccion. 
Santiago de Chile, 1910. (Gift of 
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Congreso Cientifico (1% Pan-Amer- 
icano. ) | 

Continuous Current Machine Design. 
By Wm. Cramp. New York, D. 
Van Nostrand Co., 1910. (Gift of 
Publishers.) Price, $2.50 net. 

CoNrENTS:— Chapter I.—Form of Modern 

Machines. If.—General Proportions of Modern 

Machines. III.—Relative Proportions of the 

Armature Parts. IV.—Relative Proportions of 

the Field Magnet Parts—Field Calculation. V.— 

Relationship Between Armature апа Field 

Strength—Field Calculation. VI.—Temperature 

Rise—Field Coils. VII.—Temperature Rise— 

Armatures and Commutators. VIII.—Armature 

Windings. IX.—Commutation. X.—Insulation. 

XI.—General Mechanical Construction. XII.— 

Costs. 

Electric Circuit. Ву V. Karapetoff. 
Ithaca, 1910. (Gift of author.) 

CoNTENTS.—Chapter I.— Electrical Relations in 

Direct Current Circuits. II.—Representation of 

Alternating Currents and Voltages by Sine 

Waves and by Vectors. III.—Power in Alter- 

nating Current Circuits. IV.—Reactance and 

Resistance in Alternating Current Circuits. V.— 

The Use of Complex Quantities. — VI.—The 

Electrostatic Circuit. VII.— Electrostatic Cir- 

cuit (continued). 

Les Enroulements Industriels des Ma- 
chines a Courant Continu et a 
Courants Alternatifs. Théorie ct 
Pratique. Ву E. Marec. Paris, 
Gauthicr-Villars, 1911. (Gift of 
Publisher.) 

Gypsum as a Fireproof Material. By 
Н. G. Perring. N. р., n. d. (Ех- 
change.) 

Indiana Railroad Commission. Annual 
Report 4th, 1909. Indianapolis, 
1910. (Gift of Indiana Com- 
mission of Railroads.) 


Lignes Electriques Acriennes. Etude 
et Construction. By Ph. Girardet. 
Paris, G. Villars, 1910. (Gift of 
Publisher.) Price 5 francs. 

Lignes Electriques Souterraines: 
Etudes, pose, essais et recherches 
de defauts. By Ph. Girardet and 
W. Dubi. Paris, G. Villars, 1910. 
(Gift of publisher.) Price, 5 francs. 


Metal Working Plants and their Ma- 
chine-tool Equipment. By Charles 
Рау. N.p..n.d. (Gift of Dodge, 
Day & Zimmermann.) 
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National Electric Light Association. 
33d Convention. Vols. 1-2, 1910. 
М. р. 1910. (Exchange ) 

New York City, Borough of Richmond. 
Annual Report 1902-1906. New 
Brighton, 1902-06. (Gift of the 
President of the Borough of Rich- 
mond.) 

Royal Dublin Society. Index to the 
Scientific Proceedings and Transac- 
tions 1898-1909, inclusive. Dublin. 
1910. (Exchange.) 

Socicte Scientifique Industrielle de 
Marseille. Bulletin. Vol. 37, 1909. 
Marseille, 1909. (Exchange.) 

Les Substances Isolantes et les Meth- 
odes d'Isolement Utilisees dans 
l'Industrie Electrique. By Jean 
Escard. Paris, Gauthier-Villars, 
1911. (Gift of publisher.) 

Tennessee White Paint Tests. (Bulte- 
tin No. 30, Paint. Manufacturers’ 
Association of the United States.) 
Philadelphia, 1910. (Gift of Asso- 
clation.) 

Uber die Strenung des Transformators. 
By W. Rogowski (Sonderabdruck 
aus der Elektrotechnischen Zeit- 
schrift, pt. 41-42, 1910.) (Gift of 
Physikalisch- Technischen Reish- 
sanstalt.) 

Wallingford (Conn.) Board of Electrical 
Commissioners. Report of the 
Wallingford Electric Works, for 
year ending July 31, 1910. N. p., 
1910. (Gift of A. L. Pierce.) 


Trade Catalogues 

Contractors Supply & Equipment Co., 

Denver, Colo. Supply catalogue 

of machinery and tools. 44 pp. 
General Electric Co., Schenectady, N.Y. 
Bull. No. 4602D3—Automatic volt- 
age regulators for direct current 
generators. 9 pp. 
Bull. No. 4721 AÀ— Thomson direct 
current watt hour meters. 15 pp. 
—— Bull. No. 4775 —Type KS- single 

phase induction motors. 7 pp. 


Bull. No. 4778—Edison carbon 
incandescent lamp. 14 рр. 
Bull. No. 4779— Mazda miniature 
lamps for battery service. 8 pp. 
Bull. No. 4780—Gem or metallized 
filament incandescent lamp, 100 to 
130 volts 40-100 watts. 12 pp. 
Bull. No. 4781— Mazda incandes- 
cent lamp for street lighting. 21 pp. 
—— —Bull. No. 4782— Direct current 
exciter panels. 8 pp. 
Luminous and flame arcs versus 
open and enclosed carbon arcs for 
street illumination, by W. D'A. 
Rvan. 27 pp. 
Holophane Co., Newark, Ohio. Holo- 
phane Illumination, October 1910, 
a paper published in the interest 
of Holophane lighting. 15 рр. 
National Pneumatic Co., Chicago, Ill. 
Pneumatic operating devices on 
doors, gates, windows. 16 pp. 
Pettingell-Andrews Co., Boston, Mass. 


Juice, November, 1910. Live 
information about electrical goods. 
16 pp. 


— —]4th edition of electrical supply 
catalogue. 1910 edition. 715 pp. 
Western Electric Co., Hawthorne, N. Y. 
Bull. No. 1020—Magneto non- 
multiple switehboards Хо. 1800 
sectional unit tvpe. 27 pp. 
Bull. No. 1004—Central battery 
non-multiple  switehboards with 
lamp signals. 19 pp. 


UNITED ENGINEERING SOCIETY 
American Institute of Architects. 
(Brooklyn Chapter). Year Book 
1910. №. p. 1910. (Gift of Brook- 
lyn Chapter, A. I. А.) 
Annuaire des Journaux. Revue et 


Publications Periodiques. 1910. 
Paris, 1910. (Purchase.) 
Deutscher Journal-Katalog. 1911. 


Leipzig, n. d. (Purchase.) 

Michigan Gas Association. Proceedings 
of 19th Annual Meeting, 1910. 
N. р., п. d. (Gift of Michigan 
Gas Association.) 
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OFFICERS AND BOARD OF DIRECTORS, 1910-1911. 


PRESIDENT. 
(Term expires July 31, 1911.) 
DUGALD C. JACKSON. 


JUNIOR PAST-PRESIDENTS. 


LOUIS A. FERGUSON. LEWIS B. STILLWELL 


VICE-PRESIDENTS. 


(Term expires July 31, 1911.) (Term expires July 31, 1912.) 


JOHN J. CARTY. 
PAUL M. LINCOLN. 
PAUL SPENCER. 


MORGAN BROOKS. 
HAROLD W. BUCK. 
PERCY H. THOMAS. 


MANAGERS. 

(Term expires July 31, 1911.) (Term expires July 31, 1912.) (Term expires July 31, 1913.) 
DAVID В. RUSHMORE. A. W. BERRESFORD. H. H. BARNES, JR. 
W. G. CARLTON. WILLIAM 5. MURRAY. С. Е. SCRIBNER. 
CHARLES W. STONE. HENRY H. NORRIS. W. S. RUGG. 
H. E. CLIFFORD. SEVERN D. SPRONG. R. G. BLACK. 

TREASURER. (Term expires July 31, 1911.) SECRETARY. 
GEORGE A. HAMILTON. RALPH W. POPE. 


Мотв:-Тһе Institute Constitution provides that the above named twenty-three officers shall 
constitute the Board of Directors. | 


PAST-PRESIDENTS.— 1884—1909. 


А. Е. KENNELLY, 1898-1900. 
CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, Jr., 1904-5. 


*NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. . 
ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. SCHUYLER S. WHEELER, 1905-6. 
FRANK J. SPRAGUE, 1892-3. SAMUEL SHELDON, 1906-7. 
EDWIN J. HOUSTON, 1893-4-5. s HENRY GORDON STOTT, 1907-8. 
LOUIS DUNCAN., 1895-6-7. LOUIS A. FERGUSON, 1908-09. 


PRANCIS B. CROCKER, 1897-8. LEWIS BUCKLEY STILLWELL 
Deceased. 1909-10 


ASSISTANT SECRETARY. GENERAL COUNSEL. 
PREDERICK L. HUTCHINSON, PARKER and AARON, 
33 West 39th Street, New York. 52 Broadway, New York 


—————————— 


LOCAL HONORARY SECRETARIES. 
JAMES 5. PITZMAURICE, W.G. T. GOODMAN, 
210 George St., Sydney, N. S. W. Adelaide, South Australia. 
Н.Р. PARSHALL, ROBERT J. SCOTT, 
Salisbury House, London Wall, E. C., London. Christ Church, New Zealand 
L. A. HERDT, McGill University, Montreal, Que. HENRY GRAFTIO, St. Petersburg, Russia. 
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STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
DUGALD C. JACKSON, Chairman, 


84 State St., Boston, Mass. 


JOHN J. CARTY, New York. 

GEORGE A. HAMILTON, Elizabeth, М. ]. 
RALPH W. POPE, New York. 

PAUL SPENCER, Philadelphia, Pa. 
LEWIS B. STILLWELL, New York. 
CHARLES W. STONE, Schenectady, N. Y. 


FINANCE COMMITTEE. 
А. W. BERRESFORD, Chairman, 


Milwaukee, Wis. 


S. D. SPRONG, New York. 
PERCY H. THOMAS, New York. 


LIBRARY COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Brooklyn Polytechnic Inst., Brooklyn, N. Y 

A. BEMENT, Chicago, Ill. 

C. F. BURGESS, Madison, Wis. 

GANO DUNN, Ampere, N. J. 

J. P. MALLET, Elizabeth, N. J. 

C. E. SCRIBNER, New York. 

PHILIP TORCHIO, New York. 


MEETINGS AND PAPERS COMMITTEE. 


GEORGE F. SEVER, Chairman. 

Columbia University, N. Y. 
PHILIP P. BARTON, Niagara Falls, N. Y. 
P. JUNKERSFELD, Chicago, Ill. 
А. S. LANGSDORF, St. Louis, Mo. 
P. M. LINCOLN, Pittsburg, Pa. 
HAROLD PENDER, Boston, Mass. 
H. ST. CLAIR PUTNAM, New York. 
SAMUEL REBER, New York. 
. L. T. ROBINSON, Schenectady, М. Y. 
FRANK J. SPRAGUE, New York. 
PERCY H. THOMAS, New York. 
N. T. WILCOX, Lowell, Mass. 


EDITING COMMITTEE. 
A. F. GANZ, Chairman, 
Stevens Institute, Hoboken, М. J 
H. E. CLIFFORD, Cambridge, Mass. 
GANO DUNN, Ampere, N. J. 
A. S. McALLISTER, New York. 
В. В. SCHUCHARDT, Chicago, Ill. 


BOARD OF EXAMINERS. 
W. G. CARLTON, Chairman, 


Grand Central. Station, New York. 


C. C. CHESNEY, Pittsfield, Mass. 
MAURICE COSTER, New York. 
P. JUNKERSFELD, Chicago, Ill. 
PAUL SPENCER, Philadelphia, Pa. 


SECTIONS COMMITTEE. 
P. M. LINCOLN, Chairman, 


P. O. Box, 911, Pittsburg, Pa. 


GEORGE A. HOADLEY, Swarthmore, Ра. 
C. H. HODSKINSON, Boston, Mass. 

А. S. LANGSDORF, St. Louis, Mo. 
GEORGE R. MURPHY, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 

HENRY H. NORRIS, Ithaca, N. Y. 

W. H. POWELL, Milwaukee, Wis. 

E. L. WEST, Denver, Colo. 

J. B. WHITEHEAD, Baltimore, Md. 

H. P. WOOD, Atlanta, Ga. 

Е. WOODMANSEE, Chicago, Ill. 


Chairmen of all Sections, ex-officio members. 


STANDARDS COMMITTEE. 
C. 4. ADAMS, Chairman, 


Harvard University, Cambridge, Mass. 
А. E. KENNELLY, Secrctary, Cambridge, Mass. 


H. W. BUCK, New York. 

GANO DUNN, Ampere, N. J. 

H. W. FISHER, Pittsburg, Pa., 

H. B. GEAR, Chicago, Ш. 

J. P. JACKSON, State College, Pa. 
RALPH D. MERSHON, New York. 

W. S. MOODY, Pittsfield, Mass. 

R. A. PHILLIP, Boston, Mass. 
CHARLES ROBBINS, Pittsburg, Pa. 
Е. B. ROSA, Washington, D. С. 

C. P. STEINMETZ, Schenectady, М. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


CODE COMMITTEE. 
FARLEY OSGOOD, Chairman, | 


763 Broad St., Newark, М. J. 


М. Н. BLOOD, JR., Boston, Mass. 
MORGAN BROOKS, Urbana, Ш. 

F. E. CABOT, Boston, Mass. 

H. C. CUSHING, JR., New York. 

J.C. FORSYTH, New York. 

GEORGE F. SEVER, New York. 
JOHN B. TAYLOR, Schenectady, N. Y. 
Н. 5. WARREN, New York. 


LAW COMMITTEE. 
HENRY G. STOTT, Chairman, 


600 West 59th St., New York. 


H. E. CLIFFORD, Cambridge, Mass. 

P. M. LINCOLN, Pittsburg, Pa. 

A. ST. CLAIR PUTNAM, New York. 
BARTON R. SHOVER, Youngstown, O. 
CHARLES A. TERRY, New York. 
CALVERT TOWNLEY, New Haven, Conn. 
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‚ SPECIAL COMMITTEES. 


RAILWAY COMMITTEE. 


PRANK J. SPRAGUE, Chairman, 

165 Broadway, New York. 
A. H. BABCOCK, San Francisco, Cal. 
FREDERICK DARLINGTON, Pittsburg, Pa. 
L. С. FRITCH, Chicago, ПІ. 
CARY T. HUTCHINSON, New York. 
WILLIAM B. JACKSON, Chicago, Ill. 
EDWIN B. KATTE, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. B. POTTER, Schenectady, М. Y. , 
LEWIS B. STILLWELL, New York. 
B. F. WOOD, Altoona, Pa. 


EDUCATIONAL COMMITTEE. 


А. S. LANGSDORF, Chairman, 
Washington University, St. Louis, Mo, 

W. L. ABBOTT, Chicago, Ill. 

M. C. BEEBE, Madison, Wis. 

C. C. CHESNEY, Pittsfield, Mass. 

W. F. M. GOSS, Urbana, Ill. 

E. P. HYDE, Cleveland, Ohio. 

J. P. JACKSON, State College, Pa. 

RALPH D. MERSHON, New York. 

HENRY H. NORRIS, Ithaca, N. Y. 

GEORGE Р. SEVER, New York. 

C. P. STEINMETZ, Schenectady, N. Y. 


ELECTRIC LIGHTING COMMITTEE. 


P. JUNKERSFELD, Chairman, 
139 Adams Street, Chicago, Ill. 
R. G. BLACK, Toronto, Ont. е 
W. С. 1. EGLIN, Philadelphia, Pa. | 
L. L. ELDEN, Boston, Mass. 
H. W. FISHER, Pittsburg, Pa. 
Р. W. FRUEAUPFPF, Denver, Colo. 
WILLIAM B. JACKSON, Chicago, Ill. 
J. A. LIGHTHIPE, Los Angeles, Cal. 
W. H. POWELL, Milwaukee, Wis. 
WM. LISPENARD ROBB, Troy, N. Y. 
W. S. RUGG, New York. 
P. D. WAGONER, Long Island City, L. I., N. Y. 


HIGH TENSION TRANSMISSION COMMITTEE. 


PERCY Н. THOMAS, Chairman, 
2 Rector Street, New York. 
H. W. BUCK, New York. 
GANO DUNN, Ampere, N. J. 
W. S. LEE, Charlotte, N. C. 
RALPH D. MERSHON, New York. 
W. S. MOODY, Pittsfield, Mass. 
FARLEY OSGOOD, Newark, N. J. 
HUGH PASTORIZA, Provo, Utah. 
HAROLD PENDER, Boston, Mass. 
HARRIS J. RYAN, Stanford University, Cal. 


W. I. SLICHTER, Schenectady, N. Y. 
H. S. WARREN, New York. 


INDUSTRIAL POWER COMMITTEE. 


М.Т. WILCOX, Chairman, Lowell, Mass. 
D. B. RUSHMORE, Schenectady, N. Y. 
C. А. ADAMS, Cambridge, Mass. 

В. S. FEICHT, Pittsburg, Pa. 

F. G. GASCHE, Chicago, Ill. 

R.. S. HALE, Boston, Mass. 

S. J. LISBERGER, San Francisco, Cal. 
HOMER NIESZ, Chicago, Ш. | 
Т. С. PARKER, Rochester, М. У. 

Н.Н. SCOTT, New York. 

R. B. WILLIAMSON, Milwaukee, Wis. 


TELEGRAPHY AND TELEPHONY COMMITTEE. 


SAMUEL REBER, Chairman, 

39 Whitehall St., New York. 
WILLIAM MAVER, JR., New York. 
MORGAN BROOKS, Urbana, Ill. 
W. L. CAMBELL, Chicago, Ш. 
S. S. DICKENSON, New York. 
F. J. DOMMERQUE, New Yerk. 
F. B. JEWETT, New York. 
S. G. McMEEN, San Francisco, Cal. 
FRANKLIN H. REED, Chicago, Ill. 
C. E. SCRIBNER, New York. 
J. G. WRAY, Chicago, Ill. 


ELECTROCHEMICAL COMMITTEE. 


PHILIP P. BARTON, Chairman, 
Niagara Falls, N. Y. 

L. ADDICKS, Elizabeth, N. J. 

H. H. BARNES, JR., New York. 

C. F. BURGESS, Madison, Wis. 

A. F. GANZ, Hoboken, N. J. 

W. B. HALE, City of Mexico, Mex. 

CARL HERING, Philadelphia, Pa. 

A. E. KENNELLY, Cambridge, Mass. 

S. M. KINTNER, Pittsburg, Pa. 

W. S. RUGG, New York. 

JOHN B. TAYLOR, Schenectady, N. Y. 


POWER STATION COMMITTEE. 


H. ST. CLAIR PUTNAM, Chairman, 
100 Broadway, New York. 
W. L. ABBOTT, Chicago, Ill. 
H. H. BARNES. JR., New York. 
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OPEN ATMOSPHERE AND DRY TRANSFORMER OIL 
AS HIGH-VOLTAGE INSULATORS{ 


BY HARRIS J. RYAN 


I. CAUSE OF THE GREAT DIELECTRIC STRENGTH OF AIR FILMS 
ON THE SURFACE OF A CONDUCTOR AT HIGH-POTENTIAL 


a. By the method that employs a conductor of circular sec- 
tion mounted in the air at the center of a hollow conducting 
cylinder, the electric stresses at the conductor surface required 
to start corona were observed and reported to the Institute.* 
These observations are recharted, using kilovolts per inch, 
in lieu of coulombs per inch-cube, for the stresses, so as to locate 
the single curve, drawn in Figs. la and 1b. "These data apply 
to the normal indoor atmosphere at a temperature of 70 deg. 
fahr., barometer of 29.5 in. (750 mm.) and an elevation of 850 ft. 
(259 m.) above sca level. Тһе galvanized sheet iron cylinder 
was new and clean, 3 ft. (91.4 cm.) long, 15 in. (38 cm.) diameter 
and open at both ends. Approximate sine-wave, 133-cycle, high- 
voltage alternating e.m.fs. applied the electric stresses between 
the conductors and the cylinder. Тһе maximum values of these 
em.fs. were checked by needle spark-gaps. The conductors 
were clean brass rods for the one quarter inch (6.35 mm.) and 
larger diameters, and clean copper wires for the smaller diameters. 
The work was done indoors and at night to facilitate visual 
observation of the complete corona-start. Тһе size of the room 
employed was approximately 40 by 40 by 15 ft. (12.2 by 12.2 
by 4.5 m.), and the air in it reasonably dust free due to ordinary 


“Тһе Conductivity of the Atmosphere at High Voltages, Harris J. 
Ryan. Transactions А. I. E. E., Vol. XXI, p. 275, 1904. 

TA paper submitted to the A. I. E. E. through the San Francisco 
Section, for the January 13, 1910 meeting at New York. 

NoTE. This paper is to be presented at the New York meeting of the 
A.I.E.E., January 13, 1911. Notice of oral discussion or any written 
discussion should be mailed to reach the Secretary before date of meet- 


Ing. Written contributions received within 30 days thereafter will be 
treated as if presented at the meeting. 
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settling. The ions and radioactivity present in the air were not 
observed because their existence and importance in corona forma- 
tion were not understood at the time. 

In the former paper it was shown that the relation of these 
surface stresses to the corresponding conductor diameters was such 
as to point strongly to the existence of a dielectrically stout thin 
film of air next to the conductor surfaces as suggested earlier 
by Steinmetz. The envelope method was employed to locate 
the distances from the surfaces of the conductor to the zone 
whereat the air behaved the weakest іп relation to the diminish- 
ing radial stresses. Гог sizes above one-quarter inch this 
distance to the zone of supposed initial rupture was found to be 
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nearly uniform at about 0.07 in. (1.78 mm.); the corresponding 
rupturing stress was found to be 76 kilovolts per in., or 30 kilo- 
volts per cm. The fact that in a particular case the corona 
starts with a definite minimum radial thickness and that this 
thickness ends at an outer radial stress of 76 kilovolts per in. 
was considered to be highly significant of the character of the 
strong air film; more especially so because this stress 15 the same 
as that required to rupture air in a uniform field between two 
parallel plate electrodes according to J. J. Thomson and other 
authorities on the conduction of electricity through gases. It 
indicated that initial corona is dependent not only on the ap- 
plication of a certain minimum stress but also upon a certain 
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minimum striking distance through which such stress must be 
applied. As the stress about the charged conductor is radial 
іп direction its density diminishes as the distance from the 
“surface increases. Within the zone 0.07 in. (1.78 mm.) from the 
surface of the conductor at which the corona forming critical 
stress 1s 76 kilovolts per in. the average stress is, therefore, 
higher. It appeared reasonable to expect if this striking distance 
15 necessary that it would be shorter for smaller diameters and 
longer for the larger diameters, though the relation might not 
be one of direct proportion. 

With the smaller diameters owing to the greater rate of spread 
of the stress as it extends from the surface of the conductor, the 
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average stress applied between the surface of the conductor апа 
the zone of critical stress, 76 kilovolts per in. would be greater, 
the corona striking effect would be greater, making it possible 
to start corona through a shorter minimum range of action. 
For the same reason larger diameters should employ somewhat 
freater striking distances. With the larger diamcters, however, 
the spread of the stress is far more gradual which results in a 
relatively smaller increase in striking distance with increase in 
diameters. Below one-quarter inch the envelope method had 
given results that were anomalous. It now scemed reasonable 
to expect that these anomalies were duc principally to the 
graphical errors that can hardly be avoided for the small di- 
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ameters, and that the coronas about such small diameters started 
in the same manner as in the case of the larger diameters, viz., 
by a certain striking distance that terminates at the critical 
stress, 76 kilovolts per in. 

It was evident, if this view is correct, that the critical stress 
zone, 76 kilovolt per in., should be found in each case at a certain 
distance from the conductor surface in initial corona formation, 
that in applying this test in Fig. 1, the striking distances for the 
various diameters should have a continuous relation and cor- 
respondingly locate a curve of striking distances and diameters 
that should have a rational character throughout the whole 
range of conductor sizes. The curve in Fig. 2 was thus located 
from the data curve іп Fig. la and 1b. 

In one respect the form of the curve in Fig. 2 is at first a sur- 
prise, that the striking distance should increase almost exactly 


З 


Н.У. E. М, Р, 
EACH GAP . 062" 


—— ЕРИН ms sp кыч 
| | 
CRITICAL CORONA 


pat Bn Sp 


BS 


RADIAL DISTANCE INCHES 
Ф 


Fic. 9 Fic. 3 


in proportion to the diameter of the conductor from the smallest 
sizes to a diameter of about 0.075 in. (1.9 mm.); that immediately 
beyond this diameter and thereafter the striking distances 
increase very slowly with the diameter, attaining a value of 
0.07 in. (1.78 mm.) at a diameter of 0.5 in. (12.7 mm.) and finally 
a value of about 0.25 in. (6.35 mm.) at a very great diameter. 
This sudden bend in the curve occurs at the diameter whereat 
the corona even under the influence of an 1deally uniform radial 
electric field does not form uniformly ;it startsin a patchy fashion. 
It has been observed that the factors that determine whether the 
corona will or will not start uniformly over the entire surface of 
the conductor are dependent upon: 
1. The density of the gas, t.e., upon its temperature and 
pressure. 
2. Upon the degrees of uniformity of the electric stress 
producing the corona. 
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3. The spread of the electric stress in the air about the 
conductor and, therefore, upon the radius of curvature 
of the conductor. 


These factors come into effect in such a manner for air at 
normal temperature and pressure when the striking distance 
attains a value of about 0.055 to 0.060 in. (1.39 to 1.52 mm.) 
for conductor diameters of 0.075 in. to 0.10 in. (1.9 to 2.5 mm.), 
such that thereafter the aggregate striking distances increase 
very slowly with: increase in diameters. At these diamcters 
above 0.10 in. (2.5 mm.) uniform corona never starts in air at 
normal density. It always makes an irregular start. 

b. Experiments above, below, and at normal atmospheric pres- 
sure sustaining Ще view that corona and spark-discharges require 
certain critical striking distances іп which to be established at 
minimum stress; below these distances the stresses required to pro- 
duce coronas or spark-discharge are increased. | 

The relation in Fig. 2 of striking distances апа diamcters 
Strongly indicated that corona for all cases is simply a spark- 
discharge phenomenon wherein the conductor is one electrode 
and the air conducting by diffusion is the other. Under these 
circumstances the spark itsclf must be spread out quite fully, 
completely resulting in a glow-discharge of the familiar corona. 
The first verification experiment was undertaken as follows: 

Two pair of concentric clean brass cvlinders were provided, 
electrically connected, and the normal air in the gaps between 
the cylinders stressed by the application of sine-wave alter- 
nating high voltage as indicated in Fig. 3. The diameters 
of the inner cylinders were 0.251 in. (6.35 mm.) and the internal 
diameters of the outer cylinders 0.375 in. (9.4 mm.), so that the 
radial depths of air between the conducting cylinders was 
0.062 in. (1.5 mm.) which is nearly equal to the corresponding 
striking distance, 0.066 in. (1.67 mm.) given by the curve in 
Fig. 2 for a diameter of 0.251 in. (6.35 mm.). It was found 
in this experiment that the alternating voltages that produced 
a pair of sparks in series from cylinder to cylinder across the 
source terminals also produced a stress of 76 kilovolts per in. 
at the inner surfaces of the outer cylinders. Опе pair of cylinders 
was cut out and the high voltage applied to the remaining pair. 
It was then found that exactly one-half of the former voltage had 
to be applied to establish a single discharge between one pair of 
cylinders. Тһе stress at the inner surface of the outer eylinder 
Was 76 kilovolts per in. as before. Thus the identity of corona 
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and a spark discharge between conductors at corresponding 
electric stresses was established. 

If the critical striking distance required for initial corona 
formation at minimum voltage is due to the headway require- 
ments of tonization by collision, the variation of the pressure 
of the air in which the concentric cylinders are mounted should 
from general knowledge be equivalent to a certain corresponding 
variation of the length of the air gap between the cylinders. A 
pair of the above cylinders was placed under a large bell-jar 
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of a laboratory air pump. The above experiment was repeated 
at various pneumatic pressures below and above that of the 
normal atmosphere. The relation obtained between the ap- 
proximate sine-wave 60-cycle alternating voltage and the air 
pressure in inches of mercury at which the discharges occurred 
were used to locate curve J in Fig. 4. Below one atmosphere, 
29.5 in. (750 mm.) of mercury, the relation is ситуеПпсаг and 
above that pressure, rectilinear. This result means that at one 
atmosphere the critical striking distance is just equal to the 
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depth of the air gap between the cylinders; above one atmosphere 
the critical striking distance 15 shorter and below one atmosphere 
it is longer than the air gap. When the critical striking distance 
is longer than the distance between the electrodes the criti- 
cal stress zone, 76 kilovolts per in., falls beyond the inner 
surface of the outer cylinder, a higher average stress and, 
therefore, voltage, must be applicd to make up for the 
lack of headway required to start the spark. Starting at a 
low value of air pressure, the voltage rises at a more rapidly 
diminishing rate than the air pressure because the shortage in 
headway required for sparking at minimum stress is constantly 
diminishing. At one atmosphere the shortage in required strik- 
ing distance has just disappeared, and after that the air pressure 
and sparking voltage increase in direct proportion. It is 
obvious that when the shortage in striking distance disappears 
there should be a change in the rela- 
0625” tion of voltage to air pressure but it is 
not just yet obvious that it should 
be the law of direct proportion. We 
will return to a consideration of this 
later on. To check such an under- 
standing of these matters further and 
| to show that the striking distance 
| just equaled the air рар at опе at- 
Fic. 5 mosphere because it was chosen in 
conformity with the rclation in 
Fig. 2, gaps were provided between two pairs of concentric 
cylinders having diameters differing from those employed above. 
` Cross sections of these cylinders with their dimensions are given 
in Fig. 5. Тһе experiment recorded in curve I, Fig. 4, was re- 
peated with each of these pairs of concentric cylinders and the 
results located curves IJ and III, Fig. 4. In each of these cases 
the depth of air gaps were chosen so as not to conform with the 
striking distance and their corresponding conductor diameters 
found in Fig. 2. The changes from curve to right line in the 
sparking-voltage to air-pressure relations as found for these two 
cases occur at pressures differing from one another and from 
that of the normal atmosphere just as should be the case if 
the above view is correct. 
The curves given in Fig. 4 have a bearing upon the manner in 
which corona forming voltage will vary with barometric pressure 
and, therefore, with altitude; this will be referred to later on. 


KILOVOLTS 
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c. Confirmation results obtained by Baille, Paschen and Schuster* 

Many years ago Baille and Paschen by means of continuous 
e.m.fs. observed with great care the voltages required to spark 
through various distances of normal indoor atmosphere between 
metal spheres of various diameters and between parallel metal 
plates. Later on Schuster calculated the corresponding electric 
stresses at the surface of the spherical and plane electrodes. His 
results stood originally in c.g.s. units. They have been re-ex- 
pressed in kilovolts per in., for surface stress and inches for 
distance in Fig. 6. 

We can readily make a mental picture of the electric fields 
between pairs of concentric cylinders, spheres and parallel 
planes. Invoking our judgment we can compare mentally 
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the modern results by concentric cylinders іп producing coronas 
and related spark-discharges with the old  Baille-Paschen- 
Schuster results obtained by sparking between pairs of spheres 
and parallel plates. In doing this we find a practical agreement 
throughout. Between concentric cylinders the electric field 
spreads uniformly; between spheres it spreads more rapidly to 
the mid-point and then contracts іп the same fashion to the near 


surface of the opposite sphere. The differences between these 


two classes of fields are largely of a compensating character, 


— LETTERE аллы. серт. — E 


*Baille, Annales de Chemie et de Physique X XV p. 486, 1882; Paschen, 
Wied. Ann. XXXVII p. 79, 1889; Schuster, Phil. Mag. V. 29, p. 182, 
1890; and quoted by J. J. Thomson, Conduction of Electricity through 
Gases, first edition p. 287-9. 
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so that in voltage—dislance effects they аге not widely different 
after all. The fields between parallel planes are simply special 
cases of cither the concentric cylinders or opposing spheres 
wherein the diameters are infinite. It must follow, therefore, 
that a curve located by the Baille-Paschen-Schuster values of 
diameters and the corresponding striking distances at minimum 
surface stress should be reasonably in accord with the curve of 
conductor diameters and corona striking distances, t.e., distances 
from the surface of the conductor to the critical stress, 76 kilo- 
volts per in. zone. Such a curve is located in Fig. 7. It is of 
value and interest to note the almost exact agreement of these 
curves for diameters under one quarter inch (6.35 mm.). For 
example by the Fig. 7 curve, the spark discharge distance at 
minimum stress between spheres, 0.25 in. (6.35 mm.) diameter, 
is 0.063 in. (1.6 mm.), while the corresponding corona striking 
distance for a conductor, 0.25 іп. (6.35 mm.) diameter, as given 
by the curve in Fig. 2, is 0.066 in. (1.67 mm.). Though alike 
in general character throughout, these curves differ totally in 
regard to the diameter at which the effect corresponding to part- 
corona makes its appearance. In corona formation about а 
round conductor the part-corona effect appears when the diam- 
eter has increased to about one quarter inch (6.35 mm.) while in 
spark discharges betwcen spheres of all sizes the corresponding 
effect does not fully develop under a spherical diameter of 
two and three-quarter inches (7 cm.). Тһе difference is due to 
the configuration of the two classes of electric fields. This is an 
important matter that will be taken up again іп accounting for 
the descrepancies between corona formation results obtained 
by concentric cylinders in the laboratory, and by tests on the 
actual transmission lines. 

These results no longer permit doubt to remain in regard to 
the fact that the electric stress required to rupture thin films is 
greater than the critical stress of 76 kilovolts per in., which, 
when uniformly distributed, is the stress required to rupture 
air in bulk. These results, however, do not indicate that this 
I$ due to an inherent difference in dielectric properties of air in 
а flm and air in a bulk. They point strongly toward some 
dynamic action that requires a critical minimum combination 
of stress and distance through which to bring about rupture 
wherein any foreshortening of distance must be compensated 
for by an increase in stress. 

At this stage of the study it became increasingly evident that 
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the initial corona striking distance 15 а factor of real importance 
in the control of corona formation. It must be understood as 
fully as the effects of stress are now understood in order to make 
progress in the subject. 


II. EVIDENCE THAT ELECTRIC STRESS IS BUT ONE OF SEVERAL 
FACTORS OF IMPORTANCE IN THE PRODUCTION OF CORONA 
AND SPARK-DISCHARGE IN AIR OR IN GASES GENERALLY 


a. Recent Results and Views of Nipher. At this point a copy 
of the second part of Professor Francis Е. Nipher's classical 
paper “ Оп the Nature of the Electric Discharge ".* was re- 
ceived. For years, by methods that have been unique for their 
directness and simplicity this eminent physicist has studied the 
nature of the electric discharge. Most physicists who have 
studied these phenomena employed air or other gases in a highly 
attenuated state. The consequence is that great difficulties 


РЕ 
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are encountered when the attempt is made to apply their 
results to air under normal conditions. 

Nipher’s work has been done in air under ordinary normal 
indoor conditions. His results in the above paper show clearly 
the several dynamic features of the electric discharge in air. 
Among other important things he clearly establishes a direct 
relation between the electric discharge phenomena observed by 
him in normal air at a pressure of 29.5 in., (750 mm.) of mercury 
and those obtained by others at 0.04 in. (1 mm.). This paper 
made it possible to look to the authorities on the conduction 
through gases in attenuated states for knowledge in regard to 
corona striking distances, part-corona, discrepancies between 
results by concentric cylinders and parallel cylinders, meteoro- 
logical factors, et cetera. 

Nipher says that ' the dissymmetry in discharge effects at 


*Nipher, Trans. Acad. Sci. St. Louis, Vol. XIX, p. 57, June, 1910. 
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the positive and negative terminals of an electric machine is 
now ascribed to the difference in the size of the carriers of the 
electric discharge," and that the evidence presented іп his 
papers “shows that the dissymmetry is due to the fact that 
the negative electrons are being forced out under ' pressure ’ 
at the negative terminal and that they are being drawn in at 
the positive terminal under conditions which may be likened to 
those on the exhaust side of a pump." Figs. 8 and 9 were traced 
from sections of Nipher's photographs of negative and positive 
discharges splashed from electrodes over the sensitive films of 
ordinary photographic plates. One sees at once in these records 
some cause for the above conclusion. Іп the negative splash, 
Fig. 8, the discharge lines are characteristic of an outward fluid 
flow in a vigorous dynamic state or stiff, almost unbending 
forms. Іп the corresponding positive splash the reverse dynamic 


condition holds—that of an in- | 
ward gravity fluid flow in а weak тады 
state, dynamically, and easily 

deflected. 


The results recorded by Nipher 
in the photographs reproduced 
in Figs. 11, 12а, 125,13, 14a, 145, x 
and 14c, are of especial interest 

in connection with the corona 

problem of the high-tension engi- Fic. 10 

neer. These photographs were 

produced in the following manner: In each case a common 
photographic plate was supported, film side up, on proper 
insulators a few inches above the surface of a laboratory 
table. At the center of the plate about 4 in. (10 cm.) 
apart, two common pins ''dry-goods"" type, were mounted 
vertically. Тһе pin heads were in contact with the film of the 
plate and the points were soldered to wires, one leading through 
а short air gap between metal balls to the negative terminal of 
the electrostatic machine, and the other to the ground; the 
positive. terminal of the machine was also grounded. This 
general arrangement is shown diagramatically in Fig. 10. By 
trial and experience in driving the machine a great variety of 
discharges could be made to pass between the pin-heads through 
the air over the surface of the photographic plates. Тһе dis- 
charges could be made by rushing one or two sparks across the 
air gap in the negative circuit and the photographic plates 
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would record all the more important cffects, since such effects 
are fortunately photo-active. Тһе spark-gap length between 
the balls was adjustable and by turning the machine at various 
speeds every desired strength of discharge could be splashed 
through the air over the surface of the photographic plate. In 
this manner, then, the discharges were made that are photo- 
graphically reproduced in Figs. 11, 12а, 125, 13, 14a, 145, and 14c. 

This short series illustrates beautifullv, practically every 
essential form of electric discharge that can occur through air 
except the ordinary arc, a near approach to which has occurred 
in Fig. 14c. One sees at once in these records cause for the above 
conclusion quoted from Nipher. Тһе details of what hap- 
pened in the discharge records of Figs. 11, 12a, 126, and 13, as 
they are understood by the author, after a study of Nipher's 
and of other physicists work in air highly attenuated for ex- 
perimental convenience, and the recent corona results of Mer- 
shon, Watson, Whitehead and others under an approach to engi- 
neering conditions, are as follows: 

Figs. 11, 12a, 126, and 13 are records of the same discharge 
phenomenon, each differing from the other merely in magnitude. 
They can properly be discussed together. "The application of 
an e.m.f. between the pin-head clectrodes results initially in the 
formation through the surrounding air of a field of electric stress. 
The glass photographic plate intensifies the field in the air next 
to it because of its high inductive capacity. Тһе form of this 
field under the circumstances 1s fairly familiar to us all. In the 
air next to the photographic plate the initial electric field set up 
is very much the same as that produced in the open air between 
two identical parallel round conductors and mapped by the 
familiar Faraday tubes of force in Fig. 27. Irregular through- 
out as this field 1s, 1t 1s nevertheless practically uniform in any 
concentric zone near cach electrode. When an e.m.f. is applied 
between the pin-head electrodes high enough to produce one 
of these splashing discharges the electric ficld formed through 
the air film under and over the edge of the pin-head, between 
it and the glass photographic plate 1s strong enough to detach 
some electrons from the negatively charged pin-head апа 
eject them outward through the ncar-by radially uniform electric 
field. These initially ejected electrons strike everywhere within 
ultramicroscopic distances atoms or molecules of air which they 
“ ionize by collision," t.e., each electron that strikes an atom of 
air in a stress above 76 kilovolts per in. does so at sufficient 
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velocity to detach from such atom an electron. Two new ions 
are thus formed; the negative electron, and the neutral atom that 
lost it and which was thereby given a corresponding positive 
charge and became a positive ion. This new positive ion, being 
large, winds its way inwardrather slowly to the negative electrode 
taking little part in the process of ionization by collision as will 
be seen later; the electron or negative ion, being small and in a 
ficld of ionizing stress is accelerated radially outward to collide 
with the next atom thus taking up its part in the spread of the 
ionizing process which in this fashion builds up rapidly by 
geometric progression. Ionization by collision is always ac- 
companied by luminosity and is the cause of visible corona, part- 
corona, brush discharge, sparks and ultimately arcs. 

Beyond the zone of luminous discharge at the negative 
pin-head the electric stress has fallen below 76 kilovolts per in. 
and new ions are no longer formed. By migration in the dark 
ог‘ diffusion ” as the physicists call it, in weaker portions of the 
electric field, this crop of electrons just formed continues to 
move toward the positively charged pin-head. Such migration 
is inherently an erratic process, setting up unstable forms of 
progress through the air, alwavs following, turbulent fashion, 
the line of least resistance just as a batch of water does when 
splashed over an incline. The electrons in advance push aside 
the atoms of air and thus core out routes by which it is casier 
for those behind to pass. When it is remembered that these 
streams of electrons are the equivalent of conductors carrying 
currents it is easy to comprehend the manner in which they 
cnormously alter and concentrate the normal stress of the elec- 
{тїс field along their routes leading 1n erratic fashion toward the 
positive. electrode. Such inward flow clectron streams form 
about themselves magnetic fields that take up the role of closed 
elastic contractile envelopes that contract them into thin 
streams. The dark passage of electrons through the air is thus 
seen to be an erratic, turbulent process that 1n advanced stages 
cores out certain narrow channels of flow which simultaneously 
and completely modify the distribution of the electric field. 

The electrons migrating in diffusion toward the positive elec- 
trode, are impelled everywhere by the stress of the electric field 
as modificd by their presence; they strike everywhere atoms of 
air; everywhere they repel one another because they are each a 
negative charge of clectricity. A turbulent process of this sort 
has its mechanical tendency to core out certain routes. Such 
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tendency is augmented by the magnetism that must, from the 
start, accompany the formation of each clectron-stream. Every- 
where, when the stream-forming role of the magnetic-mechanic 
action is stronger than the diffusion role played by the electro- 
static attraction of neutral atoms and of mutual repulsion, the 
electron streams will form. The magnetic-mechanic actions tend 
to unite the little streams into larger ones while the electrostatic 
forces will tend to keep them apart. In air, at a density of 
one atmosphere and witha sufficient crop of electrons, the magnetic- 
mechanic contractile role exceeds the electrostatic diffusion 
role, streamers form, unite and produce a solid spark. In air 
at 1/760 of an atmosphere, even with the largest crops of elec- 
trons, the magnetic-mechanic contraction forces fall below the 
electrostatic repulsion forces and glow discharge, only, results. 

When electrons conducted by diffusion unite to form streams, 
the stresses of the field are enormously localized. through such 
streams which act as conductors, with a corresponding increase 
in the driving force applied to the electrons in the streams. 
When these velocities thereby produced exceed the velocity 
required to ionize by collision, the banks of the streams become 
luminous through such process. On the banks new electrons 
are liberated to join the stream and a corresponding lot of 
positive ions of atomic size are created and migrate counter 
current fashion. When conduction by diffusion remains as 
such and fails to form streams, as it will fail to do in a sufficiently 
attenuated atmosphere, 1onization by collision will also form when 
the field is strong enough to produce the ionizing velocity of the 
electron in its run between collisions, t.e., in its free path. Glow 
discharge is then witnessed and there are formed diffused, op- 
posing “electrical winds "" of the positive and negative carriers. 
In beautiful experiments Nipher has demonstrated the presence 
of these winds. 

The behaviors іп the normal atmosphere above referred to 
are photographically recorded by Nipher as shown in Figs. 11, 
12a, 126 and 13, each being a different degree of the same splashing 
discharge phenomenon. As stated before, one can best see all 
the features noted above for himself by studying these records 
carefully. The formation of small non-uniting streams occurs 
at the in-flow of the positive electrode in Fig. 11. In the 
slightly larger corresponding discharges of Fig. 12a these streams 
have united to some extent just before reaching their goal; their 
numerous sources are in the general outer region of non-luminous 
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diffuse electron migration. Fig. 125 is a record made by a 
slightly larger discharge. In the discharge recorded in Fig. 13 
the magnetic-mechanic forces exceed the electrostatic forces 
among the outward streams at the negative electrode on the side 
facing the positive electrode. Diffusion in that region was 
thereby not permitted. A group of electron streams is held 
together at first somewhat compactly, later more loosely as 
they extend to the positive goal. This is the approach to the 
formation of a spark. 

The discharge that is recorded in Fig. 14a is most interesting 
because it shows up so clearly the mechanism of a spark in the 
normal air. The magnetic-mechanic forces closely confined a 
part of the electron crop on the side of the negative electrode 
immediately opposite the positive electrode, and caused such 
electrons to core an irregular route through the air extending 
somewhat over half the distance between the electrodes to a 
point where the forces of repulsion gained the ascendency and 
the spark broke, discharging its ions in diffusion toward the 
positive goal. The velocitics remained great enough to produce 
luminosity. It is of great interest to note the shadow in this 
luminous electric wind that was cast by the positive pin and pin 
head in line with the discharge from the muzzle of the spark. 
Nipher recorded hundreds of these discharges that included 
sparks in all stages. He says that in every case the spark never 
completely extended to the positive electrode. Upon occasion 
sparks were recorded that extended but a fraction of an inch, 
1.е., 1 in. (6.35 mm.) more or less, from the negative electrode 
then broke into diffusion to complete the discharge over the 
rest of the distance to the positive electrode.* 

A rational relation has now been established between electric 
discharge phenomena in the normal atmosphere that concern 
the electrical engineer and the corresponding phenomena that 
occur in highly attenuated atmospheres that have been studied 
with great care by many able physicists. The engineer can, 
therefore, confidently look to the results obtained by these men 
for much assistance in the further solution of the corona prob- 
lem. 

b. Townsend's theory of ionization by collision and its experi- 
mental verification; accounting for the great dielectric strength of 


*Àn appendix to this paper reprints Nipher's resume of his papers on 
“Тһе Nature of the Electric Discharge " published in Science, М. S., 
Vol. XX XII, p. 608, Oct. 1910. 
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thin envelopes of air covering conductors and the detatls of corona 
formation.* 

Townsend, after a thorough study of the whole range of 
phenomena produced by the conductivity of gases formulated 
and successfully verified the following theory of tonzsation 
by collision to account for a large and important class of these 
phenomena. For the present purpose this theory will be best 
understood bv the consideration of a particular example: 

Two parallel plane-faced electrodes are mounted with an 
atmosphere between them sufficiently attenuated to permit a 
convenient experimental study of these matters. By any suit- 
able means, viz., ultra-violet light, condensed radium ог thorium 
emanation et cetera, electrons are liberated from the inner sur- 
face of the negative electrode at a definite rate, 1.e., a definite 
number of electrons liberated per square centimeter per second. 
A uniform electric field can be established between the plate 
electrodes and varied from zero to any desired maximum by 
connecting to the electrodes a source of correspondingly variable 
e.m.f. The parallel plate electrodes are so arranged that their 
distances apart may be adjusted accurately through any desired 
range. А proper form of galvanomcter is connected in series 
with the e.m.f. circuit. leading to the electrodes so that the 
current carried by ions through the column of air between the 
plates may be correctly observed. The negative ions are the 
electrons, 2. e., definite negative charges of electricity attached 
or unattached to neutral atoms dependent upon circumstances 
of a turbulent character and the positive 10ns аге neutral atoms 
having lost cach one or more electrons—generally only one. 
'The section of the air column between the plates 1s confined by 
suitable solid dielectric walls so that its section 1s equal to the 
face of either electrode. 

With electrons being liberated at a certain rate from the face 
of the negative electrode, as the field between the plates 1s in- 
creased from zero, the electrons are made to migrate toward the 
positive electrode and a corresponding current is indicated by 
the galvanometer. For a certain extent the current increases 
with the increase in the electric field. А strength of field is soon 
attained, however, that 1s sufficient to permit no electrons to go 
astray and to make them all migrate to the positive electrode. 
Further incrcase in the electric field produces for a time no cor- 


— 


“Тһе Theory of Ionization by Collision by J. S. Townsend. Trans. 
Int. Elec] Congress. I. p. 106. St. Louis, 1904. 
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responding increase in the electric current passing between the 
plates; this relation continues until the electric field has been 
increased to the amount sufficient to accelerate the electrons 
to ionizing velocity while being driven through the intra-atomic 
distances іп the attenuated atmosphere. After that, further 
increase in the electric field is accompanied by a rapid increase 
in the current indicated by the galvanometer as flowing between 
the plates and the discharge which, throughout has been con- 
tinuous, is now accompanied by luminosity. The last is the 
corona stage. These relations of the current to the electric field 
are given by the curve drawn in Fig. 15a. This general state- 
ment of the facts has been necessary in order to appreciate 
Townsend’s theory of ionization by collision and its verification. 

At the beginning of the corona forming stage, the strength 
of the field has become sufficient to accelerate the electrons in 
their free paths among the 
atoms of the air or other gases 
to the velocity that produces 
new ions when they collide 
with atoms in their paths. At 
each collision, as stated above - 
in discussing the Nipher 
records, two new ions are 
formed; one, negative, i.e., the 
newly detached electron, and 
the other positive, t.e., the 
neutral atom that lost such electron by the collision. Under 
the action of the electric field these new ions begin their migra- 
tion toward their respective electrodes of opposite polarity; 
in so doing each will collide with other atoms and will produce 
correspondingly at every such collision a new pair of ions when 
the free path traversed has been sufficient to gain ionizing ve- 
locity. Often an electron and a positive ion mect at a relative 
velocity low enough to permit recombination when a pair of 
ions is lost in the formation of a neutral atom. 

Since the mass of the positive ion is far greater than that of 
the negative ion, the electron, and since the driving forces 
applied by the field are alike in each case it follows that a positive 
ion will attain ionizing velocity only when accident gives it a 
free path between the atoms that is sufficient, and which in 
any event must be much above the free path required by the 
electron to produce new ions. The number of ionizing collisions 
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made by a positive ion in migrating a unit distance will, there- 
fore, be far less than the number of such collisions formed by an 
electron migrating through the same gas, ficld and distance. 
In all other ways the positive ions take part in the phenomena 
of ionization by collision as do the electrons. 

It follows that the increase of ions by collision must occur in 
geometrical proportion with the distance through which the 
action extends. In any given case, therefore, there must always 
be a limiting distance at which this increase approaches infinity, 
1.е., a distance between the electrodes in which all of the atoms 
are ionized, resulting in the formation of a spark or arc. This 15 
the upper limit at which the theory of Townsend ceases to apply; 
the lower limit began at departure from the saturation current 
caused by the production of additional ions by collision. See 
Fig. 15а. If the striking distance between the electrodes is 
shortened the same result, t.e., a fully developed discharge, can 
only be produced by increasing the strength of the field by a 
compensating amount. The effect of so doing is to lessen the 
interatomic distance required to produce the ionizing velocity 
of the electrons: The number of collisions is thus increased to a 
degree sufficient to compensate for the loss in distance in which 
to bring about gencral ionization. ‘To perceive this clearly one 
must remember that the paths between the atoms open to the 
free movement of the clectrons or other ions are of all variable 
lengths, from zero to some average maximum. The lowest 
electric field or. electric stress at which ionization is possible 15 
that which accelerates the electron to the ionizing velocity when 
traversing these longest free paths; the great majority of other 
free paths are too short to effect sufficient acceleration. With 
increase of the electric field shorter paths become effective so 
that increase in field strength or electric stress makes available 
shorter free paths, increases intensity of ionization and lessens 
the minimum corona or spark-striking distance. The greatest 
limiting distance within which a spark can not form except with 
increased field occurs when the clectric field or electric stress 
is at the critical value below which all ionization must cease be- 
cause the velocities imparted to the electrons between collisions 
are not sufficient to detach electrons from neutral atoms. 

This then is the underlying cause for the existence of the 
limiting corona striking distances charted in Fig. 2 or for those 
effects that lead one сагПег to assume the existence at the surface 
of the conductor of a thin sone of air having remarkably great 
dielectric strength. 
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From such theoretical considerations Townsend derived 
the following expression for the relation between conductivity 
and distance through a gas wherein the elcctric stress and me- 
chanical pressure of the gas, the initial ions and the rate of 
ionization by collision in excess of recombination are all known 
and fixed at possible values or values convenient for experimental 
purposes: 


т(х- В) e*- 9€ 
п-ве 
Wherein 
по = the number of negative ions starting from а 
small surface of the negative plate electrode. 
п = the numbcr of ions passing through the соггев- 
ponding section of the gas between the parallel 
plain conducting clectrodes; this number 15 
proportional to the current set up. 
В = the number of new ions produced per centimeter 
in passage of a positive ion through the gas to 
the negative electrode. 


X = the same corresponding value for electrons or 
negative 1005. 

d  — the distance between the plates in centimeters. 

€ = logarithmic base. 


Townsend showed that sparking must ensue when the de- 
nominator of the fraction in this expression vanishes for then the 
number of ions migrating per second from conductor to conductor 
becomes infinite. Ав a matter of fact the value of n can not 
actually become infinite; it is limited to the number of actual 
migrating ions when most of the atoms or molecules of the gas 
have become ionized. However, since such number is neverthe- 
less very great the distance 4” for such very great number of л 
and d for an infinite number of the same is so slight due to the 
nature of this expression that it 15 not necessary. to distinguish 
practically between the two. 

Placing 

X – B є®—8)4 = 0 


the value of d for which п becomes infinite is, therefore, 


log x - log В 
dm "ORA OB 
xD 
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This distance d is therefore the minimum through which a 
spark or corona can be struck by the given electric stress. To 
strike a spark or corona through a shorter distance a higher 
electric stress must be applied that will increase the values of 
x and В and, therefore, diminish d. 

Townsend made careful experiments to test the integrity 
of this theory. In one experiment the values of no, В, x, 
pressure and stress were as follows: 


лу = l negative ion per definite small portion of negative 

electrode surface produced by impact of ultra-violet 

light. 

0.0141 new ions produced per centimeter travel of each 

positive ion. 

X = 5.25 new ions per centimeter correspondingly produced 
by each negative ion; the new ions thus produced being 
precisely similar to those produced by the positive 
ions, except as stated above. 


B 


Kind of gas, air; pressure,one millimeter of mercury; above- 
critical electric stress, 350 volts per cm. applied between parallel 
plate electrodes at various observed distances apart, resulting 
in the establishment of an observed conduction or п ions per 
given small cross section of gas column corresponding to the 
small surface of the negative plate clectrode whence originated 
by impact of ultra violet light, one electron or negative ion per 
second. The currents corresponding to л, in arbitrary units of 
experimental convenience and to the distances that separated 
the plate electrodes as observed in experiments and correspond- 
ingly calculated from the above theory by Townsend are tabu- 
lated in the following table: 


TOWNSEND'S EXPERIMENTS WITH AIR AT ONE MILLIMETER PRESSURE 
AND A CONTINUOUS ELECTRIC STRESS OF 350 VOLTS PER CENTIMETER. 


din centimeters.............. О 0.2 0.4 0.6 0.8 1.0 1.1 
Current determined experi- 

попе ы» океан бала 2.56 8.27 24.2 81 273 2250 
Current calculated by above 

formula for п.............. 1 2.87 8.3 24.6 80 380 2150 


The results by experiment have been charted in Fig. 156. 
They speak for themselves and constitute a remarkable con- 
firmation of the theory of ionization by collision. 

с. (1) Application of the theory of ionization by collision under 
normal atmospheric conditions. (2) Density of air and gas and 
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form of electrodes as factors controlling and limiting ionization 
by collision. (Includes limits due to stresses sufficient to detach 
free electrons from the metal electrodes, critical sharpness of needle 
points and corona quantity іп relation to rupturing gradients.) 
Curve I, Fig. 6 of the Baille-Paschen-Schuster results ob- 
tained long ago with no knowledge of electrons and gas ions 
locates the corona striking distances at critical electric stress in 
the normal atmosphere at about 0.76 cm. or 0.3 in., as against 
the above value of 1.1 cm. in air at a pressure of one millimeter 
of mercury. The corresponding critical stress was found to be 
31.5 kilovolts рег cm. or 80 kilovolts per in., a little higher than 
the value generally accepted by physicists, viz., 30 kilovolts 
per cm., or 76 kilovolts per in. From this it follows that the 
minimum striking distance at 
critical stress changes but 
little for wide changes in 


| IONIZATION BY COLLISION 


+—{| CULMINATING IN CORONA pressure. Townsend's experi- 
== 


FORMATION . 
BY TOWNSEND ments make it 1.1 cm. at 


1 mm., (0.434 in. at 0.0394 
in.) and the Baille-Paschen- 
Schuster results make it 0.76 
ст. at 750 mm. (0.8 in. at 
29.5in.). These results were 
obtained by the use of uni- 
01 —.3 8 4 form fields to produce dis- 
е P aa charges between parallel plane 
= plate electrodes. 

The same slow variation of critical striking distances between 
concentric cylinders at a given air pressure and critical stress 
made a great change in pressure at which the striking distance 
again became critical at critical stress. 

Before going further in this use of the Baille-Paschen-Schuster 
results it may be well to note that at the time these observations 
“еге made as nothing was known of electrons, no radioactivity 
of the surface of the negative electrode was produced by ultra- 
violet light or other agency that would cause an initial source of 
electrons as was done by Townsend in his theory verification 
experiments. These results are on a parity with those of 
Townsend nevertheless, because they were obtained in the normal 
air, which under all ordinary circumstances contains radio- 
active material sufficient to ionize it somewhat. The necessary 
initial crop of electrons to be liberated at the cathode, is provided 


CURRENT 
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by the impact of the incoming positive ions. Ionization by 
impact will be taken up later. Electrons thus liberated at the 
cathode are expelled from its surface and thereby made to begin 
the process of ionization by collision that culminates, when the 
field is sufficient, in the production of corona or spark discharge. 
The origin and importance in the corona problem of this universal 
radivactivity in the atmosphere will also be considered later. 

From Townsend's theory as verified, it follows that in uniform 
electric fields between plane-faced parallel electrodes the mini- 
mum stress required to produce an electric discharge, t.e., the 
critical stress, must vary directly as the pressure of the air or 
other gas. The critical stress is the one that can accelerate 
the electron in the average maximum free path to ionizing 
velocity. Such free path must vary inversely as the density 
of the vas, requiring in consequence that the accelerating force, 
t.e., the electric field must vary inversely as the free path and 
directly as the gas pressure at a given tempcrature or inversely 
as the absolute temperature at a given pressure. This relation 
holds between the following limits: 

For uniform electric field-stresses between parallel plane-faced 
electrodes. 

The law holds for pressure down to somewhat less than 
1 mm. (0.0394 in.) of mercury whercat the gas is too attenuated to 
maintain a definite average maximum distance between the atoms 
or molecules; the long free paths become indefinitely long and 
luminous discharge or corona ceases. The pressure limit up- 
wards extends indefinitely. The relation holds correspondingly 
for electric stress downward—and upward likewise, until, be- 
cause of the great density. of the gas, the stress is great enough 
to produce а crop of electrons at the electrodes without being suffi- 
cient to increase their number by collision-ionization. This is in 
one of the wholly unexplored divisions of electrical knowledge. 
However, many things point to about 2300 kilovolts per in. 
(900 kilovolts per cm.) as the stress at which the electric dis- 
charge will be produced by ions torn from the metal electrodes 
largely regardless of the density of the air or other gas. This 
behavior will be considered further on. 

For divergent electric field and stress between non-planar elec- 
trodes: 

Between equal parallel cylinders and between spheres the 
critical striking distances are dependent upon certain factors 
that are controlled ultimately by the curvature of these elec- 


1911) RYAN: AIR AND OIL AS INSULATORS 23 


trodes. This class of critical striking distances have been 
referred to earlier and are charted in Figs. 2 and 7. Critical 
striking distances for points, t.e., electrodes having very small 
faces but of definite radii of curvature, have not been determined. 
The determinations are difficult and in the corona problem not of 
much importance. With pointed electrodes, however, two 
items of especial collateral importance in the corona problem 
have been brought out experimentally; and they are related 
to these critical distance-stress limits: 

1. Fisher found that there exists a critical degree of sharp- 
ness for needle electrodes whereat the sparking voltage for a 
given gap 1s minimum being increased when this sharpness of 
the needle is either increased or decreased.* He found, for 
example, that with the voltage fixed at 6.2 kilovolts, (effective 
sine-wave) the 0.0015-in. (0.038 mm.) diameter fine needle point 
gave the longest sparking distance amounting to 0.422 in. 
(10.67 mm.) and with the voltage at 10 kilovolts (effective sine- 
wave), the 0.0017-in. (0.043 mm.) fine needle point gave the 
longest sparking distance amounting to 0.646 in. (16.4 mm.). 
The cause of this critical sharpness of needles used for sparking 
with a given voltage through a certain distance was found 
recently by the following method to be due to the amount of the 
corona formed at the electrodes in relation to the sparking distance 
and voltage: 

The classical series of observations of Steinmetz was studied 
to secure data relating to electric discharge through the normal 
air using alternating high voltages and electrodes of opposing 
pairs of brass spheres of various diameters.f 

It was noted that as long as the spheres of whatever size were 
so near together that the electric field between them was fairly 
uniform, the discharges were set up at about the normal critical 
stress of 76 kilovolts per in., produced of course by the maximum 
of the voltage waves. As the gaps were lengthened and the 
electric stress between the spheres became divergent the rup- 
turing gradient, 4.е., kilovolts per inch between the spheres would 
drop rapidly to some low value, 10 to 4 kilovolts per in., (3.9 to 
1.6 kilovolts per cm.), dependent upon the diameter of the 
spheres, being lowest for the largest spheres, and that it stayed 


*H. W. Fisher, Spark Distances Corresponding to Different Voltages, 
Trans. Int. Elec'l Congress, Vol. II, p. 294, St. Louis, 1904. 


fSteinmetz, Dielectric Strength of Air, TRANSACTIONS А. I. E. E., Vol. 
XV, p. 281, 1898. 
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at that value as the distance between the spheres was further 
increased as long as the balls were evidently not entirely en- 
veloped in corona. Related phenomena of this character were 
then studied widely through the literature, including Fisher’s 
careful observations on the electric discharge between needle 
points above referred to, the recent observations of Moody and 
Faccioli* on the voltage required to rupture the air between 
a round conductor mounted parallel to and at a distance from a 
metal plate as electrodes; including also unpublished com- 
mercial tests of high-tension suspension type, six to eight unit 
insulators, and accidents that produce discharges of great 
magnitude in the power houses and substations connected to 
high-tension networks. 

This study in the light of our present day knowledge of such 
matters developed the following understanding as to the causes 
that effect the breaking down of the normal air in bulk by сісс- 
tric stresses that are so much below the critical stress. These 
bulk stresses range from 10 kilovolts per in. (3.9 kilovolts per 
ст.) for long gaps between needles, to 4 kilovolts per in. (1.6 
kilovolts per cm.) or less between large spherical electrodes. Тһе 
understanding of the matter is perhaps best presented by con- 
sidering first the particular case of sparking between large 
spherical electrodes: Аз the gap between the spheres is length- 
ened, sooner or later, dependent upon the diameter of the 
spheres, the ficld becomes divergent. When the electric field 
has become decidedly divergent and the voltage required to dis- 
charge between the spheres exceeds that which is required to 
establish a critical stress in the envelopes of air covering the 
spheres to a critical depth, corona will be formed. It will 
appear first over limited portions of the opposing surfaces of the 
spheres. In this state at the negative sphere electrons are lib- 
erated by impact at its surface of incoming positive ions,—the 
first of these positive ions were of natural or ' antecedent ” 
origin. Ionization by collision follows and a crop of electrons 
results that is great enough to cause the magnetic-mechanic 
contractile forces to form an electron core against the diffusion 
forces of mutual repulsion, the attraction of neutral atoms and 
the counter electric winds of incoming positive ions. Such a 
core is the equivalent of a current in a conductor. The size of 
this core and its density of driven electrons are measures of the 


*Moody and Faccioli, Corona Phenomena in Air and Oil. TRANsAC- 
TIONS А. I. E. E., Vol. XXVIII, II, p. 769, 1909. 
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equivalent current and the conductivity of the equivalent con- 
ductor. If the corona formation at the negative electrodes 
is sufficiently great, the core will have so high a conductivity 
that there will be voltage enough between the spheres to drive 
it clear across the air gap thus producing a discharge or arc. 
Now the greater the diameter of the spheres, the greater will be 
the area over which the corona will be formed and the greater 
the supply of electrons in stock, therefore, with which to drive 
the clectron core or spark from the negative to positive sphere, the 
higher, then, will be the conductivity of the core and the lower 
the corresponding voltage gradicnt. It is a quantitative result 
that is quite independent of the figure and strength of the inter- 
vening field-stress which in many portions is less than one per 
cent of the critical stress. No evidence could be found that the 
intervening strength and figure of the electric field is more than 
a small factor among those that determine the voltage gradient 
required to rupture the normal atmosphere in bulk. 

To assist the judgment which is ones chicf resource in a study 
of this sort, the available data were charted in the order de- 
termined by rupturing gradients. "This chart is reproduced in 
Fig. 16. 

Returning now to Fisher's critical sharpness of needles: 
From a very finely tapered and pointed needle, corona is pro- 
duced more easily but in smaller amounts at given voltages and 
spark gaps, than from the points of necdles that arc not so finely 
tapered and pointed. Thus it is seen that changing the sharpness 
of the needles affects oppositely the two most important factors 
that bring about the electric discharge through air or any gas, 
viz.: 

(1) Corona starting facility, dependent directly upon voltage 
and (2) rupturing facility, dependent directly upon corona quan- 
tity. 

An increase in the sharpness of the needle electrodes raises the 
former facility and lowers the latter, and vice versa. Thus at a 
given voltage there must always be some compromise degree of 
needle sharpness that will cause the discharge at such voltage 
to cross the longest gap—a discovery made experimentally by 
Fisher nearly ten years ago. With this understanding of the 
factors that control the (needle point gap) to (sparking voltage) 
relation the peculiarities of our standard A.I.E.E. spark gap 
voltage curve are easily comprehended as inherent and there- 
fore necessary. Тһе more ог less definite degree of ‘ sharps No. 
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6 ” bluntness of point, end taper, main taper, straight shank and 
mounting all take their part in changing the supply corona and 
therefore of electrons as the gap lengthens and the discharge 
voltage increases. 

The other item referred to above rclated to the critical distance- 
stress limits that 1s of interest in the corona problem may now 
be considered. 

2. Some years ago experimental studies were made of the 
dielectric strengths of compressed air and carbon dioxide by 
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the needle point spark-gap method.* А little later Mr. Е. A. 
Ekern as a graduate student continued the experimental study 
along the same lines, with greatly improved facilities. 

In advance of these experiments it was expected that the 
diclectric strength of air and other gases increased directly 


—- ——— ee -- 


*Conductivity of the ТТТ Бу H. J. Ryan. Sibley Journal of 
Engineering, Vol. 18, р. 207, 1904; amplified in lecture reported іп The 
Eleciric Journal, Vol. II, p. 429, 1905. 

+ Conditions which Influence Spark-potential Values," by E. A. Ekern. 
Sibley Journal of Eng., Vol. 18, p. 391, 1904. 
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as the density without limit under the approach to liquefac- 
tion. The experiments determined, however, that quite inde- 
pendently of the actual density of the gas the discharges would 
always pass between the needle points at a voltage that would 
be approximately ten times the voltage required correspondingly 
to produce the discharge through the gas at normal atmospheric 
pressure. For the most part needle points were used as elec- 
trodes. The sharpness of the needle points was varied; the 
electrodes were changed altogether from needles to thin rods: 
with round or conical ends and to small spheres; in each instance 
the discharge distances were varied. In all cases fundamentally 
the results were always much the same. As the density of the 
gas was increased at ordinary temperatures by increasing the 
pressure and with the conditions fixed as to length of gap, 
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kind and condition of clectrodes, the sparking voltage would 
increase uniformly until it became about 10 times the voltage 
required to produce a spark discharge at a pressure of one at- 
mosphere. At this stage a great change in these relations would 
always occur. A set of results obtained by observations made 
with air at pressures varying from 1 to 100 atmospheres or 
15 to 1500 Ib. per sq. in. (1.05 to 105 kg. рег sq. cm.) using necdle 
points, sharps No. 6, at three different gaps are reproduced in 
Fig. 17a from the little paper by Ekern referred to above. Тһе 
results of another set of observations in this class are charted 
in Fig. 18 reproduced from the lecture just referred to. The 
electrodes used in making this set were of aluminum wire, diam., 
0.00375 in. (2.38 mm.), “ points’’ spherical; gap 0.096 in. 
(2.43 mm.). Тһе gas was carbon dioxide and the pressure was 
carried through from one atmosphere to 700 lb. рег sq. in. 
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(49.2 kg. per sq. ст.). It was the last and best set of observa- 
tions made in this class. Care was taken to eliminate dis- 
turbances introduced by the insulating supports of the electrodes, 
the walls of the container, e£ cetera. These results are funda- 
mentally typical of all others obtained throughout the entire 
investigation. 

At the time, no satisfactory explanation of the matter could 
be found. Now, however, the cause for the electrical failure 
of the gas at any density that requires for rupture about ten 
times the voltage that must correspondingly be applied to rup- 
ture at one atmosphere is understood to be as follows: 

The conductivity of metals is due to the presence among their 
atoms of a certain stock of free clectrons. In the metals the 
atoms and free electrons are very close to one another. The 
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electrostatic attractions between the atoms and the free electrons 
are very great and do not allow the latter to leave the surface 
of the metal * When the stress delivered from the metal 
electrode surface to the adjacent zone of gas is great enough some 
of the free electrons in the metal will be detached from the elec- 
trode and will migrate through the gasto theanode. From princi- 
ples of action brought out above when this source of electrons be- 
comes sufficient the magnetic-mechanic forces will retain them in 
a core that will develop a spark-discharge regardless of the stress 
required to ionize by collision at anv particular density of the 
gas that may happen to be emploved for the experiment. Doubt- 
less the actual densitv of the gas is on some accounts, a factor 


«Тһе behavior of the discharge when the plate electrodes are very 
close together observed by Erhart and discussed by J. J. Thomson in 
“ Conductivity of Electricity Through Gases." First edition, p. 386. 
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assisting, and on other accounts opposing this process and 
would, if thoroughly studied, completely account for the par- 
ticular form of sparking voltage-pressure characteristic obtained 
for a particular form of electrodes. Such study should account 
for the drop in gradient that follows the first stop of its increase 
and of its subsequent recovery. These forms in the upper ranges 
vary widely as the shapes of the electrodes and the gases are 
changed. Throughout, for the most part, at approximately 
ten times the normal sparking voltage, the density of the gas ceases 
to be a factor, t.e., ionization by collision or corona controlled 
by the gas density ceases to be a factor because a new source of 
electrons has developed, viz., the liberation of those within the 
metal electrode. Once formed, 
clectrons and positive ions 
migrate with great facility 
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independent situations. Тһе conductors themselves as a 
source of ionization havé been given almost no direct attention. 
The only data available in relation hereto have been obtained 
incidentally without conscious motive through efforts directed 
for other purposes. Erhart in the work just referred to mounted 
polished stee! spheres at minute adjustable distances in air at 
Various pressures from 0.02 to 3 atmospheres and observed the 
continuous e.m.f. required to spark between them. After the 
distances were so small that ionization by collision was no longer 
possible а discharge could always be produced when the air 
pressuré was one atmosphere and when the stress was about 
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2,500 kilovolts per in. (1000 kilovolts per cm.) 
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The shortest distance and the lowest e.m.f. used were 0.000011 
in. (0.00027 mm.) and 28 volts. In the one preceding this case 
there is no way of knowing with any reasonable degree of exact- 
ness the value of the stress at which the free electrons in the 
needle points were detached principally on account of the great 
disturbance of the field by the presence of a few native ions. 
An approximation may be made as follows: The discharge 
or corona striking distances for small spheres were determined 
from the Baille-Paschen-Schuster results, Figs. 6 and 7, to be 
about the same as those found for small round conductors given 
in Fig. 2. 

From Fisher’s results it was evident that the diameter of the 
sharps No. 6 needles used to obtain the Fig. 17а results hada 
diameter of about 0.002 in. (0.05 mm.), requiring as seen in 
Fig. 2 a striking distance of 0.02 in. (0.5 mm.) which is well 
within the shortest gap used in that set and requiring a surface 
gradient as seen in Fig. 1, of 


2300 kilovolts per in. (90 kilovolts per cm.) 


to rupture at one atmosphere. This makes the stress at which 
free electrons left the steel needle points in air 2300 kilovolts 
per in., (900 kilovolts per cm.). Using the later results obtained 
with one-tenth inch (2.54 mm.) aluminum wire, spherical points, 
one-tenth-inch gap in carbon dioxide, the pressurc-sparking 
voltage relation started at 8 kilovolts at one atmosphere and 
went flat at 110 kilovolts, and 700 Ib. per sq. in (42.2 kg. per 
sq. ст.). The striking distance 15 0.06 in. (1.5 mm.), again well 
inside the length of the gap, the initial rupturing surface stress 
at one atmosphere is 160 kilovolts per in. (63 kilovolts per cm.) 
and the ratio of initial and final voltages 1s 13.7, making the 
surface stress at which the frcc electrons left the aluminum wire 
hemispherical electrodes in carbon dioxide 160 x 13.7 = 


2200 kilovolts per in. (862 kilovolts per cm.) 


These three cases occupy widely different situations and the 
results are in close agreement considering the circumstances. It 
appears a reasonable conclusion therefore that when the electric 
stress about a metal conductor in a gas exceeds 2000 kilovolts 
per in. (800 kilovolts per cm.) or therabouts, that the free 
electrons of the metal cathode will escape profuscly into the gas 
and form a heavy discharge between the electrodes. 
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d. Stress from metallic electrode surfaces to dry high-tension 
insulating oil required to tonize and, therefore, to approach rupture 
by detaching free electrons from the metals of the electrodes. 

It is of much collateral interest to know at what corresponding 
surface stress the electrons that are free within the metal elec- 
trodes will escape when such electrodes are immersed in a highly 
fluid dielectric such as high-tension insulating oil that has 
been carefully treated so as to remove all free ions as far as 
possible, 1.e., treated so as to raise its specific resistance under 
the stress of a continuous e.m.f. to the highest attainable limit. 
The intermolecular spaces of such oil are very much less than in 
gases except when the latter are near the point of liquefaction. 
The molecules of the oil would be in the aggregate much nearer 
the metallic atoms of the electrodes than in the case of a gas- 
immersed electrode. Тһе frec electrons in the metal would be 
attracted by the molecules of the oil as well as the atoms of the 
metal in greater degree than in the case of gas immersion. It 
scems reasonable to expect, therefore, that in oil at its very best 
the electrons should be drawn from the metal by the oil at a 
decidedly lower stress than the corresponding stress when gas 
is used. This view is supported by the fact that when gas 
is used the electron extracting stress drops considerably as 
the point of liquefaction is approached. Moody and Faccioli* 
experimentally studied the formation of corona about conductors 
immersed in high-tension insulating oil. Тһе electrodes were 
wires, 15 in. (38 cm.) long and metal plates, mounted parallel, at a 
distance of 6.5 in. (16.5 cm.) from the center of the conductor to 
the face of the opposing plate. "The diameters of the wires and 
the corresponding effective sine-wave corona producing voltages 
are givei ba о 


Diameter | Kilovolts 
| 
Milimeter | Inch | 
0.50 | 0.02 | 50 
1.00 0.04 | 60 
1.27 | 0.05 80 
| 3.05 | 0.125 100 | 


Se M —M—M— M ————— —— 


The corona formed about each of the first thrce small wires 
was maintained continuous, producing about them. а highly 


* Moody and Faccioli P Cerone Phenomena in T and Oil." "TRANsAC- 
TIONS А. I. E. E., XXVIII, p. 769, 1909. 
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ionized gaseous envelope. In regard to corona formation about 
the last wire, considerably larger than the others, it was said 
“the brush will appear at about 100,000 volts, and if we raise 
the potential the brush will appear and disappear again irregu- 
larly; that is we have an intermittent luminous phenomenon 
which represents more of an interrupted arc than the regular 
corona." * * ж ж “ The large wires under oil, as we have 
said, give very unsteady and, therefore, unsatisfactory results." 

Before giving the electrode surface stresses produced by the 
voltages at which these coronas under oil were produced it is 
necessary to understand the basis for comparing stresses that 
must be employed when changing dielectrics. All diclectric 
stress must be understood in terms of the strain it produces, 
t.e., the displacement quantity or time-integral of charging cur- 
rent, viz., the coulombs per unit-cube. In no other way can 
the terminal effects due to the substitution of diclectrics be 
properly compared. This system of designating strain as a 
result of stress is not as yet generally understood hence the 
necessity of stating resulting strain in terms of stress in air, the 
standard dielectric, that would produce the same strain іп 
coulombs of charging current per unit air-cube. Тһе specific 
inductive capacity of oil 1s about twice that of air. The strain 
in oil produced by a given electric stress is, therefore, about 
twice the corresponding strain produced by the same strain in air. 
To use the air as a standard for gauging electric strains 1t 1$ nec- 
essary to multiply stress 1n other media expressed in voltage 
gradients, kilovolts per in., by their specific inductive capacities. 

The following electrode surface stresses required to produce 
corona under oil were calculated from the above observations 
of Moody and Faccioli: 


| Stress in oil adjacent Corresponding strain using 
Diam. Kilovolts | to electrode surface air as standard 
Inch | | Kilovolts per in. Kilovolts per in. 
0.02 i 50 957 1974 
0.04 60 1040 2080 
|. 0.05 80 830 1660 
0.125 | 100 670 1340 


Тһе first three average a strain of 1900 kilovolts per in., 
(750 kilovolts per сіп.) іп the thin gas envelope surrounding the 
wires. The average of the above Erhart-Ryan-Ekern electron 
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extracting strains obtained in air was 2330 kilovolts per in. 
(917 kilovolts per cm.) These results are interesting though 
they are not those that are wanted. Ordinarily there must 
always be a few electrons escaping from mctals immersed in oil 
to form ions that give rise to its so called insulation resistance 
because under thermal agitation some of the oil molecules 
must be driven close in among the metallic atoms so as to meet 
and capture some of the free electrons regardless of the amount 
of electric stress extending from the conductor into the oil. 
This escape of electrons into the oil is very small. When a suffi- 
cient electric stress is applied from the electrode to the oil the 
average maximum amplitude of the electrons swinging in an out 
of the surface of the conductor-cathode will be increased so as 
to bring them near enough to the oil molecules to be captured and 
prevented from returning to the conductor. This is the critical 
liberating stress that is wanted. Taking all the circumstances 
into account it seems reasonable to expect that such critical 
stress must be much below that which will be strong enough 
not only to liberate the electrons from the cathode but will 
also drive the ions thus formed in the oil away from the con- 
ductor with such violence as to resolve the oil into a luminous 
envelope covering the conductor with highly ionized and heated 
gas. With these considerations in mind the behavior of the 
0.125-in. (3.05 mm.) conductor, the last in the above series, is 
not surprising. With this much larger diameter the stress 
is far less divergent, which facilitates the magnetic-mechanic 
electron core-forming process. Before general corona could 
be established one or more of these cores or brushes appeared 
at 100 kilovolts which the authors accepted as the corona 
Starting voltage; it is, however, probably much less than that 
which would have enveloped the 0.125-in. (3.05 mm.) conductor 
with a covering of corona pervaded oil gas. The correspond- 
ing strain is much lower than the average of the three 
preceding cases, viz., 1300, being but little more than one-half 
of the value found for the liberation of electrons from metal 
to air. 

If oil-immersed electrodes of much larger diameter were used 
the electric fields would be much less divergent and the core 
forming would follow promptly upon the initial start of the 
electron liberation process as the stress is increased. It was 
found that Tobey had made dry oil rupturing tests using brass 
spheres as electrodes having two-inch (5-cm.) diameters set for 


34 RYAN: AIR AND OIL AS INSULATORS [Jan. 13 


various gaps from 0.4 to 4 in. (one to 101 mm.).* The Baille- 
Paschen-Schuster results may be employed to obtain the con- 
stants that depend upon the figure of the electric ficld when 
spheres are used for electrodes. This saves а lot of mathematical 
work. - In this way the stresses in the oil adjacent to the op- 
posing faces of the spherical electrodes corresponding to the 
voltages that ruptured the oil were easily computed. In Fig. 19 
Tobey's original voltage to distance curve has been re-drawn 
and the results obtained as above were used to locate in the same 
illustration the surface stress to distance, or kilovolts per in. to 
inches curve. It is natural that this relation should be totally 


* 980 


KILOVOLTS I 
KILOVOLTS PER INCH II 
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rectilinear because the turbulent ionization by collision, the all 
important factor in electric discharge through air and gases 
generally, is absent or practically absent in oil. In air when 
electrons are liberated in corona formed only over the face of the 
electrodes the relation is rectilinear—a matter discussed earlier 
in this paper. 

This right-line relation of surface stress and distance be- 
tween the two-in. (5-cm.) brass spheres holds upwards from 0.4 
to 4 in. (one to 101 тт.) ; if it also holds downwards indefinitely, 


жұ, H. Tobey. Dielectric Strength of Oil. PROCEEDINGS А. I. E. E., 
July 1910, p. 1171, Fig 6. 
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as it seems reasonable to expect that it should, then the stress 
at which electrons are liberated from metals into dry high- 
tension insulating oil is 140 kilovolts per in. (55 kilovolts per 
cm.)* This is a most surprisingly low value—and if fully 
verified will form a basis upon which to account for the behavior 
of the oil switch; it may also have an important bearing upon the 
design of oil-filled insulation spaces in high-tension transformers 
to prevent the slow disintegration of oil and solid insulation. 


ПІ. ELECTRONS, IONS AND IONIZATION 


a. The fundamental purpose of this paper is to discuss the high- 
tension transmission corona problem in the light of the evidence 
available at the date of its preparation. The foregoing founda- 
tion was placed to support this discussion and is necessarily 
incomplete. In some respects it is incomplete for lack of 
further knowledge, while in other respects it is incomplete bę- 
cause it is not effective to treat too many related things at one 
time. For this reason certain things have heretofore been 
merely mentioned or consciously omitted and will now be con- 
sidered more fully. ` 

The important part that ionization plays in all phenomena 
that lead to the formation of corona is now clear. The corona 
phenomena that remain to be accounted for are of such a charac- ` 
ter as to require for their ultimate understanding a thorough 
knowledge of the origin, inherent qualities and characteristic 
behaviors of ions, 1.е., of the electricity carriers in gases. 

Every material substance is made up of atoms or their ele- 
mental aggregations, molecules. Each kind of substance has 
certain distinctive characteristics because of some structural. 


*Attention was not directed to these phenomena in oil until well toward 
the close of the preparation of the present paper. Time did not then 
permit a careful laboratory study to determine whether the rupturing 
surface stress to distance curve, JJ, Fig. 19, does or does not remain а 
right line locating a limiting surface stress, in this particular case, of 
140 kilovolts per in. (55 kilovolts per cm.) at zero distance between the. 
spheres. Some experiments of this sort were hurriedly performed using 
dry transformer oil between two-in. (5-cm.) polished steel cylinders at 
distances varying from 5 to 20 mils. Difficulty was encountered in an 
effort to obtain consistent results, apparently because of the ease with which 
the metallic surfaces would capture films of ionized gas at the first applica- 
tion of the electron-detaching stress. The results indicated, however, 
that the right line, Fig. 19, curve 11, descends to the vertical axis locating 
а critical stress of 140 kilovolts per in. (55 kilovolts per cm.) from brass 
surfaces to high-tension insulating oil as stress and strain required to 
detach free electrons from metals. 
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character of its atoms. All kinds of atoms have one feature in 
common. Each atom holds through electrostatic attraction a 
certain number of relatively minute particles. The number of 
these particles is different for different atoms. | Each particle 
is the ultimate and non-detachable terminus of a certain definite 
tube of electric force or, as some would say, it is the seat of a 
certain definite electric charge. Тіс amount of this charge 
15 4.65 Х10-!9 electrostatic units—perhaps a little larger, not 
exceeding 5 Х 10-13 electrostatic units. In the literature of the 
subject this ultimate particle of matter is burdened with two 
names electron, the one apparently іп more general use, and 
corpuscle, the original term used consistently by some of the 
best known physicists. The frame of the atom is the whole 
of the atomic structure less the electrons and their non-de- 
tachable electrostatic fields. Тһе atomic frame is the common 
anode terminus of the electric fields or tubes that constitute an 
essential part of the electrons. Тһе anode’ terminus of the 
electron ficld is, if not altogether detachable, at least transferable 
from one atomic frame to another. 

А positive ion is formed when any ncutral atom, molecule or 
atomic aggregation has, through any cause lost one or more 
electrons—usually butone. Itthus becomes a positively charged 
ion. If the gas in which it 1s located 1s pervaded by an electric 
field it will be subjected to a corresponding force that will cause 
it to migrate in the general direction of the cathode or negative 
terminus of the ficld. Тһе smallest positive 1оп 15, therefore, 
a single atom that has one less than its normal quota of electrons. 
The largest may be any aggregation of atoms or molecules held 
together by the electrostatic ficld due to the loss from the normal 
stock of the aggregation of one or at the most a very few elec- 
trons. 

A negative 1оп is any free electron, or any atom or unit 
atomic aggregation that has captured electrodynamically one, 
or at the most, а very few electrons more than the supply that 
constitutes the neutral atomic state. The smallest negative 
ion is a single electron—vastly smaller, therefore, than the 
smallest positive ion. The smallest positive and negative ions 
are alike, thercfore, in the charges they carry and forces with 
which they are drawn through a common electric field. In 
sizes and masses of the smallest ions, the positive 15, therefore, far 
greater than the negative ion. It follows that the mechanical 
activity of the smallest negative ion is far greater than that 
of the smallest positive ion. 
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In the open air, the natural ions present are in a compara- 
tively quiescent state. By their electrostatic forces they have 
captured various molecular aggregations, generally made up 
mostly, though nót necessarily, of water. These captured ag- 
gregations are retained while the dynamic activity of the ions 
is low. When, however, this activity is increased, by the 
presence of a sufficient electric ficld, such as is comparable with 
the fields set up about high-tension circuits, the forces that have 
captured and retained the aggregations are no longer sufficient 
to hold them and they are lost. "Thus it occurs that all ions 
that take direct part in the corona formation or in the essential 
phenomena that precede the corona state are only those of 
smallest size, viz., the electron and the neutral atom less an 
electron. "This is so because all such phenomena are brought 
about by ions in a high state of electrodynamic activity. 

The ionization of the atmosphere in the open has been and 
is now being studied to an enormous extent by meteorologists 
and physicists. The former have direct need of the most com- 
plete knowledge of the ionization of the air while the latter are 
particularly interested in the radioactive character of the various 
emanations of radium, thorium, e£ cetera, that are constantly 
escaping into the atmosphere from the earth. Тһе following 
nomenclature has been proposed for ions of the various sorts 
physically that are found native in the open air: 

" Let the ion formed of atom and electron be called a nucleolus, 
such an ion surrounded by molecules forming a solid or liquid 
mass be called a nucleus, and let a collection of molecules іп the 
form of a vapor round a nucleus or nucleolus be called an ея- 
velope; then the three types of gascous ions are (1) nucleolus 
alone, (2) nucleolus апа envelope, and (3) nucleus апа envelope. 
The third type merges into the visible drop of fog and rain.’’* 

b. Sources of Ionization about High Voltage Transmission Lines. 

These sources are: 

1. Radioactivity that is entirely natural in the open air. 

2. Impact of ions at the surfaces of conductors caused by the 
electric field. 

3. Collision of ions and atoms when the field exceeds the 
critical ionizing strength. 

As already stated the radioactivity that is always producing 


*W. Sutherland, “Тһе Ions in Gases." Phil. Mag. 18. pp. 341-371, 
Sept. 1909. Quoted from Science Abstracts No. 1731 p. 584, Oct. 25, 
1909. 
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ions in the open air is due to the presence of emanations that are 
constantly escaping from the carth and subject to rapid radio- 
active decay. Every conductor exposed in the open collects 
upon its surface some of these emanations—the real essence of 
the " dirt" that causes the cathode conductor to start part- 
corona at abnormally low voltages. The emanations carry 
positive charges and are captured in abundance and retained 
by negatively charged conductors mounted in the open. 

On land the radioactive emanations escape everywhere 
directly into the air. All underground waters absorb these 
emanations. Under the sea, lakes and rivers the emanations 
that escape from the earth are absorbed by the water. In 
porous rock formations, particularly of recent volcanic origin 
these emanations escape more plentifully. During the rising 
barometer air is being forced into the porous carth's crust; at 
this time a noticeable falling off of the ions in the air occurs due 
to a partial suspension thus produced of the supply of radio- 
active emanations. When the barometer is falling air is with- 
drawn from the earth and with it the accumulated emanations. 
At such time the ions present in the atmosphere are always 
observed to increase. 

The emanations absorbed by the sca, lakes, et cetera, are 
liberated plentifully along the shores or elsewhere when agitated 
by breakers, white-caps апа waterfalls.* Ions from these 
water sources are apt to be heavily laden with water and will 
behave more or less in a class by themselves. 

The degree of ionization as affected by radiations arriving 
from cosmic space has been studied in some respects during 
recent total eclipses of the sun. There are effects of this char- 
acter though they constitute a small factor in the corona prob- 
lem. 

The escaping emanations carry positive charges. The result 
is that the carth whence they escaped must carry a negative 
charge. The positive and negative ions that are formed in the 
air by the radioactive decay of the cmanations are necessarily 


*Wireless telegraphy is best conducted in an atmosphere free of ions. 
The ions present are driven back and forth by the electric oscillations 
thereby dissipating their energy. Wireless stations will not do so well by 
the sea, on porous volcanic earth nor at high elevations. Тһе earth is 
negatively charged, which causes a concentration of theradioactive emana- 
tions and their ions over all elevations. "These results іп wireless tele- 
graphy have been reported to the author by experienced men in the 
San Francisco Bay region. 
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about equal. In addition to these are the positive ions that 
constitute the ionizing emanations. Such a state gives rise 
necessarily to a positive charge of the atmosphere relative to the 
earth. Near the surface of the earth there is thus produced an 
electrostatic field that forms a potential gradient of about 20 
volts to the foot or about 70 volts per meter. In the upper 
regions of the atmosphere the difference between the quantities 
of positive and negative ions present per unit volume is greatly 
diminished due probably to the fact that the emanations that 
reach the upper atmospheres are well on the road toward com- 
plete decay; probably, to some extent, also, because of the 
downward forces exerted on all positive charges by the field. 
The consequence is that the electric field in the upper regions 
is greatly diminished; it is estimated by specialists to be practi- 
cally zero over land of usual topography at an elevation of about 
50,000 feet, (15 kilometers). Fig. 26 is reproduced from a paper 
of Liebenow read before the Elektrotechnische Vereins.* The 
curve in this illustration gives the strength of the earth’s electro- 
static field in relation to altitude. The vertical values designate 
the fields in volts per meter and the horizontal values the elevations 
inkilometers. The original chart was expressed in different units. 
The slope of this curve at any altitude is proportional to the 
number of positive ions present per unit volume at such altitude 
in excess of the corresponding number of negative ions. The 
actual number per cubic inch even near the earth's surface re- 
quired to account for the changing gradient, i.e., for the existing 
electrostatic field as а whole, is quite small, viz., about 30. 
In any event the number could not be larger because of the 
extraordinarily small quantities in which the emanations occur. 
Curve IL in this illustration is the integral of curve I. It shows 
that the potential of the earth is 164,000 volts, negative. It is 
found quite generally that the ionization of the air 1s higher on 
mountains. This is manifestly due to the negative charge of the 
earth; the mountains act like sharp projections from the surface 
of “the charged conductor’ in the familiar clectrostatic experi- 
ments that delighted our forefathers; they concentrate the earth’s 
electric field which in turn concentrates the radioactive emana- 
tions thereby frequently causing a very high degree of ionization. 
Among high mountains the ions in the air will, therefore, vary 


| “С. Liebenow, “ Uber tellurische Elcktricitat.’’ Presented at a meet- 
ing of the Elektrotechnische Vereins Oct. 23, 1900. Reported in the 
Blehtrotechnische Zeitschrift, Nov. 15, 1900, р. 962. 


40 RYAN: AIR AND OIL AS INSULATORS [Jan. 13 


greatly. Тһе electric field, and therefore, radioactive emana- 
tions in the canyons will be smallest and on the peaks highest. 

Any considerable change in the altitude of a transmission 
line must also constitute a corona forming factor. An extreme 
case would be that of a hydroelectric plant located in the Sierras 
at an elevation of 8,000 ft. (2438 m.) delivering its power to the 
san Francisco Bay region high-tension network. From the 
potential curve in Fig. 26 it is seen that the atmospheres at 
opposite ends of this line are at a potential difference of 100,000 
continuous volts. At the sea level end such a line would have the 
average zcro potential of the high-tension network. The air 
about the Sierra power house terminal would be at a continuous 
potential of 100,000 volts above that of theline. А large supply 
of radioactive emanations would be drawn toward and de- 
posited upon the surface of the conductors, or held in suspension 
in their neighborhood. About the high altitude portion of the 
transmission line there would be at all times an abundant crop 
of native ions. The cffect of this would be to increase the in- 
phase sub-corona diffusion current, or convection current, and to 
lower correspondingly the critical voltage at which part-corona 
would begin, though it would alter but little the value at which 
complete corona would be started. 

On the other hand a short high-tension line erected on a 
mountain side, having small change in altitude, such as Mershon 
used in his high-tension atmosphere line-loss experiments at 
Telluride, Colo., in 1896, may escape all effects of the above 
class due to altitude. In fact such a high-altitude line, when 
located so as to be sheltered from the radioactive emanations 
that collect around the neighboring peaks and ridges may have a 
relatively higher than normal critical voltage at which part- 
corona will be started. At low barometric pressure full-corona 
will start at a corresponding lower voltage. On approach to 
such corona voltage the in-phase diffusion current carried by 
natural ions will be less, being approximately proportional to 
the voltage. The ability to “core ар” or “ brush " and thus 
to start part-corona depends upon the magnitude of this diffusion 
current; such ability will, therefore, be less. This brush or part- 
corona starting voltage is the critical voltage as defined by 
Mershon.* 

From many laboratory experiments it is known that the part- 


*Mershon, “ High-Voltage Measurements at Niagara." TRANSAC- 
TIONS A. I. E. E., Vol. XXVII, II, 1908, p. 886, Fig. 38. 
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corona voltage range, t.e., the difference between the critical 
voltage (Mershon) and the initially complete corona voltage . 
varies much with the density of the atmosphere. The difference . 
is decidedly less at two-thirds of the density of the norma}, 
atmosphere such as obtains at Telluride. It follows that the: 
topographically protected short, high-altitude, high-tension trans- . 
mission line will have a Mershon critical voltage above the normal, 
allowance having been made for change in density of the at- 
mosphere due to the altitude and temperature upon which full- 
corona voltage directly depends. | | 

In clear weather under average conditions there are und? in 
the air over land about 32,000 ions of either sign per cubic. 
inch (2000 per cubic centimeter) and over the sea about one 
half this number. Cloudy, sultry weather diminishes their 
number—the smaller ions probably being captured by slow 
moving water and dust aggregation amounting, if this is so, to 
no real diminution. The evidence in regard to the rate at 
which ions are created is not concordant, apparently because of 
experimental difficulties in the way of distinguishing single 
ions from their aggregations. Perhaps the most reliable de- 
termination is that of Wilson who found in air, over land, en- 
closed, and dust free, 500 of either sign per cubic inch per 
second (30 per cubic centimeter per second).* Correspondingly 
in the air over sea the number of ions of either sign has been 
found to be much smaller, i.e., about one fifth of the number 
correspondingly found on land. A recent authoritative work 
states that about 100 ions of either sign are created per cubic 
inch per second in air over land and from 15 to 30 correspondingly 
over sea.f Beyond the fact already mentioned that ionization 
of the air is increascd to {еп times, more or less, dependent оп 
altitude, topography, et cetera, on mountains due to the negative 
potential of the earth, little is definitely known quantitatively of 
these matters at high altitudes. foe 

d. Ionization by impact; its place in corona СА as 
affected by absolute voltage and frequency. | 

Without the prior existence of natural ions іп the air corona 
would not be formed except at extraordinary stresses, as has 
already been shown. It has also been shown that ionization by 
collision will build up an unlimited degree of ionization from an 
extraordinarily small degree of native or antecedent ionization 


*C. T. R. Wilson, Sci. Abs. Na 849, 1901. 
tRadioactivity and Geology, 1909 edition р. 192, by J. Joly, F. R. S. 
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with which to begin the action. It may hardly be said that 
ionization by impact is absolutely necessary in corona forma- ` 
tion; in laboratory expcriments, particularly at low barometric 
pressures and with the aid of a strong source of antecedent 
ionization such as ultra-violet light, X-rays, et cetera, corona can 
be produced with practically little or no antecedent ionization. 
However, under practical conditions where there is no artificial 
antecedent ionization corona can be started at the positive 
electrode only by incoming negative tons driven at ionizing ve- 
locity due to corresponding electric stress and at the negative 
electrode only by out-going negative ions, liberated by impact of 
incoming positive ions. Under practical conditions, therefore, 
no corona will form on electrodes of either sign without a natural 
source of ionization and none will be formed at the negative 
electrode without some source of negative ionization at its actual 
surface, or very near thereto. The known sources of negative 
ions at the surface of the cathode conductor are tmpact of in- 
coming positive ions, radioactive emanations, i.e., “dirt”, 
captured by the cathode and near the surface, collision with 
neutral atoms of those few incoming positive ions that happen 
to find open a sufficiently long free path in which to attain 
ionizing velocity. Of these three, impact, emanation and colli- 
sion, impact is of predominating importance. Emanation 1s 
ordinarily of far less importance, though when the conductors 
are gencrally covered with an active emanation, part-corona will 
start at а much lower voltage than the normal, t.e., the Mershon 
critical voltage at the cathode will be much reduced. Collision 
is of doubtful extent and a small factor prior to the start of full 
corona. 

It has been known for twenty years that the cathode when 
mounted in an attenuated gas and a high voltage applied to it 
will emit cathode rays only when the canal rays are allowed to1m- 
pinge upon it.* In modern terms, it was found that the positive 
ions when driven against the face of the cathode by the electric field 
will cause it to emitelectrons. Owing to thesize the positive ions 
in a strong electric field move much more slowly among the 
atoms than the electrons; they rarely find free paths long enough 
to acquire ionizing-velocity; their movements can not be traced 
by resulting luminosity as is the case with the electrons. 


*Schuster, Proc. Roy, Soc. xlvii p. 557, 1890. Results employed by 
J. J. Thompson in ‘ Conduction of Electricity through Сазез.” First 
Edition, p. 383 and 384. 
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On account of the fact that this form of ionization is an im- 
portant factor in corona formation a very limited first hand 
study of it. was made ас follows: Referring to Fig. 20, a pair of 
concentric cylindrical electrodes were mounted under the glass 
bell-jar of a laboratory vacuum pump. The dimensions of these 
electrodes are given on the inner pair of cylinders, Fig. 5. The 
air was exhausted to a pressure of about 3 in. (7.6 cm.) of mer- 
cury. A limited alternating 60-cycle discharge was then estab- 
lished between the cylinders by applying the high-voltage through 
a column of tap water contained in a glass U-tube. The dis- 
charge could be conveniently observed from the top. In Fig. 20 
there is a reproduction of the sketch that was made by hand 


Fic. 20 Fic. 21 


while Observing the discharge. The discharge would assume 
different appearances and positions. Examples of these are 
sketched in Figs. 20, 21, 22 and 23. Fig. 24, a and b are views 
from the top and side through a synchronous stroboscope. 
Fig. 25 is a top view through a revolving mirror. When using 
the Stroboscope, an alternating arc operated from the same 
source as the high-tension circuit, was mounted and dimmed 
so that with the aid of a mirror, it and the discharge could be 
observed through the stroboscope together without changing the 
position of the observers eye. The instrument could be con- 
veniently adjusted by hand for instantaneous observation at any 
desired phase as in Fig. 24a and 24b and 180 degrees remote 
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therefrom when the brush a and the spot b had exchanged places 
and for observations at all intermediate phases. Thus with 
the aid of the bright positive carbon of the arc and a care- 
fully checked knowledge of the connections the cold bright 
luminescent spot, b, was observed to be located on the surface of 
the cathode and the yellow-violet brush was found to extend from 


the anode. 
The somewhat attenuated atmosphere at a barometric pres- 


sure of about 3 1n. (7.6 cm.) of mercury affords conditions that 
are favorable for bunching the travel of positive as well as nega- 
tive ions. Тһе magnetic-mechanic forces play the same role 
of a contractile envelope for both classes of ions. Under most 
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circumstances as already stated the negative ions are the tiny 
active electrons while the positive ions are never smaller than 
the single atom and correspondingly less active. The conse- 
quence is that conditions which readily drive the one kind into 
cores will drive the other into diffusion and vice versa. In these 
experiments the density of the air was so adjusted that both 
classes of ions were driven into cores. 

With the general knowledge of these matters in mind when 
viewing such discharges through the revolving mirror, Fig. 25, 
the phenomena of the discharge are casily traced to basic facts 
and principles. "Through the mirror the cold bright luminescent 
spot, b, on the surface of the cathode is drawn out into a band 
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having no thickness; it is flat upon the surface of the conductor. 
Correspondingly the brush, a, attached to the anode is drawn 
out into a sine wave form solidly illuminated by the same 
vellow-violet glow. It appears like a colored trace of some 
sine-form alternation. The cold-bright cathode spot, b, is the 
light that is produced in the process of intensive ionization by 
im pact of canal ravs, 1.e., the incoming соге of positive ions being 
driven by the field and cored mechanically by being forced into 
the route of least resistance and magnetically on the principle 
that each traveling ion has its equivalent in a tiny conductor 
carrving current and that like conductor-currents attract onc 
another. Тһе yellow-violet brush, a, is a luminosity that ac- 
companies a fully matured process of ionization by the collision 
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of the negative ions, electrons, in this case and neutral atoms. 
The electrons that are detached by impact at the cathode are 
expelled from the cathode at ionizing stress by forming new 
atoms by collision as they proceed. Toward the crest of the 
voltage wave the process attains general ionization starting 
the brush just as the electrons strike the surface of the anode; 
at higher voltage the process culminates earlier, 1.e., at a shorter 
Striking distance from the cathode andat a greater distance from 
the anode, producing a taller brush. In this way the brush 
constitutes a kind of a glow oscillograph for the top portion 
of the voltage wave. 

Returning to the Figs. 20-23 series. These are sketches of 
the discharge as it appeared to the unaided eye in four typical 
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positions. After the use of the stroboscope and the revolving 
mirror it is easy to understand what is going on by direct view. 
The discharges sketched in Fig. 2) used a common route for both 
positive and negative ions. The electrons travel easily between 
the larger positive ions. Mechanically the streams, though 
opposite, interfere but little; magnetically they possess a common 
contractile envelope that cores them together in the same space. 
In Fig. 21 the mechanical and electrostatic interference of the 
two streams has caused them to core up in part along separate 
routes. In Fig. 22 the same general class of causes produced 
an interesting result. The positive ions missed the top edge 
of the outer electrode through the thermal, mechanical and сісс- 
trical interference and struck the cathode from the rear by the 
in-draught of the electric field in that region. It is further of 
great interest to note that on the '' return stroke ” when this 
electrode was the anode that some of the arriving clectrons fol- 
lowed the same route producing the luminosity lines curving 
over the rim of the cylinder to the spot where, in the preceding 
alternation, positive ions had been striking. 

The concentric electrode cylinders in these experiments were 
mounted in the vertical. The discharges would invariably strike 
near the middle and drift spirally upward and lodge permanently 
in the position sketched in Гір. 23. Inthis position the negative 
and positive ions employed the same landing spots. Due to 
the fact that the electron core develops far more heat toward the 
end that has developed luminous ionization Бу collision, the 
buoyancy of that end is the greater. Because of lack of sym- 
metry in respect to buoyancy when the luminous portion of the 
electron core on the rcturn stroke strikes the copper wire wound 
about the top end of the central brass cylinders it is carried 
slightly higher than when it strikes the top edge of the outer 
cylinder quite exactly as sketched in Fig. 23. 

The further evidence in regard to ionization by impact is 
not nearly so complete as it should be. Much of it is indirect in 
character. Physicists have studied the phenomenon only as 
occurring at the cathode whence the resulting electrons are ех- 
pelled in a field sufficiently strong to ionize by collision. 

There is по direct evidence that positive ions are produced at 
the anode by the impact of incoming negative 1015 or electrons. 
Likewise there does not appear to be anything known of the 
limiting stress below which ionization by impact will not occur 
at the cathode. There is much indirect evidence that this 
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class of ionization is produced abundantly only at stresses that 
are comparable with that required for ionization by collision. 
The same class of evidence indicates that at much lower stresses 
ionization by impact continues to occur but to a far smaller 
extent. The evidence shows that at the lower stresses, 1.e., 
0.1 to 0.01 of critical collision stress, a very few of the incoming 
positive ions at the cathode produce negative ions by impact; 
most of them simply discharge and wander off as neutral atoms. 

About a transmission line some ionization by impact begins 
at voltages that are as low as a tenth of those that produce the 
first traces of corona. The in-phase line charging currents ob- 
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Served below critical voltage by Mershon at Telluride and 
Niagara Falls, by Smith at Worcester and West on the Shoshone- 
Denver 100-kilovolt high-altitude line are carried by incoming 
natural ions kept alive by impact. Not all are thus kept alive 
and some are lost by recombination. The stock of natural 
ions about a transmission line, operated below critical voltage, 
is augmented by natural ionization in the air and by radioactive 
emanations adhering to the Conductors and maintained by im- 
pact until the rate of recombination equals that of supply. 
With increase of voltage the effect of the field is to entrain 
natural ions in larger numbers; all the ions migrate faster so 
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that the in-phase current thus carried as found by Mershon at 
Niagara, increases approximately as the voltage and the cor- 
responding loss as the square of the voltage. In any event the 
amount of this loss is small compared with that produced by the 
inphase current carried by the ions formed in a fully developed 
and extended corona; it is entirely comparable іп magnitude 
with the loss caused by part-corona. 

That a high-tension transmission line does capture and operate 
as current carriers the native ions that are formed in its neighbor- 
hood, must be true because almost no ions can be found near 
such a line when in operation. Houllivigne “ concludes from 
his experiments that verv close to the wires there are sensibly 
no ions ”.* 

He had undertaken to determine the part that a particular 
50-kilovolt transmission line may play in the local meteorology. 
“ Very close to the wires ”' means as close as the sampling ap- 
paratus could be mounted—probably not within a couple of feet. 

Increase in frequency greatly facilitates ionization by impact 
and enables a high-tension transmission line to entrain and 
operate a larger number of natural ions. The lowest frequency 
at a given voltage is a corresponding continuous electromotive 
force. A continuous sub-critical high voltage applied to parallel 
clean conductors in the open sets up through the air an extremely 
small diffusion current—so small that it does not appear 
to be in the class of inphase diffusion currents as were found 
in the Telluride, Worcester, Niagara, and Glenwood-Denver 
sub-critical alternating high-voltage atmosphere loss tests.T 
With sub-critical continuous high-voltage the native ions 
actually migrate from cathode to anode and vice versa. АП 
portions of the field traversed are very weak except those quite 
near the conductors. The velocity of the ions is, therefore, very 
slow and the opportunity for recombination correspondingly 
great. The result is that an early limit is set for the total stock of 


*L. Houllivigne, “ Ionization of Air by High-tension Overhead Wires.”’ 
Comtes Rendus, 148 pp. 1668-1670, June 21, 1909. Quoted from 
Sci. Abs. No. 1430 p. 480, 1909. 


t Mershon: Transactions А. I. Е. E., Vol. XV, р. 545. 

Mershon: TRANSACTIONS А. I. Е. E., Vol. XXVII, pp.864-881. 

Worcester Poly. Inst. E. E. Dept., Thesis under direction of Harold 
B. Smith, 1901. 

West: Tests of Glenwood-Dillon-Denver-Boulder 100-kilovolt 181- 
mile Transmission Line, July and Nov. 1909. (бее current A.I. E. E. PRo- 
CEEDINGS.) 


1911) RYAN: AIR AND OIL AS INSULATORS 49 


entrained ions that are shuttled to and fro by the high-voltage 
field. An abundant recombination disposes of the additions 
from natural sources. 

With sub-critical alternating voltages the ions do not have 
time to migrate from one conductor to another. About the 
cathode conductor during a positive high-voltage alternation 
the negative ions are expelled through the tubes of the electro- 
static field, Fig. 27, а portion of the way to the anode conductor, 
and the positive ions are correspondingly drawn in a certain 
distance; during the next alternation the field is reversed and the 
ions make a corresponding return journey. Through a com- 
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bination of factors the ions will make a somewhat greater 
distance when travelling inward through a contracting electric 
tube of force than correspondingly outward through an ex- 
panding tube. The consequence is sooner or later that all ions 
that are repelled at one alternation will return in the first half 
of the next to strike the conductor surface reverse sign and re- 
treat under expulsion before the close of the alternation and the 
beginning of the next. 

This same state of things obtains at the other conductor. 
Each conductor is enclosed by a zone having a depth of a few 
inches within which the total stock of captured ions are actively 
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engaged in a double frequency svnchronous advance and re- 
treat. Тһе view here presented seems to be the only one that 
corresponds to all the evidence that has so far accumulated in 
regard to the in-phase loss current set up at sub-critical voltage. 
A close study of Mershon’s Niagara results develops the facts 
that the loss produced by this current varies approximately as 
the square of the voltage and as the square of the frequency; 
that such loss is largely independent of the size of the con- 
ductors, their distance apart and whether they are solid or 
stranded. These results show clearly that stranding lowers the 
critical voltage because it lowers the tendency of the outgoing 
electrons at the cathode to core-up and make an carly part- 
corona start by the process repeatedly referred to in this paper, 
but they do not indicate that stranding lessens the loss current 
below the critical voltage that starts part-corona. 

Change in voltage wave-form is a factor related only to critical 
and corona voltages and not to the amount of the loss below 
critical voltage. Remembering the evidence that has been 
presented which shows that an increase in antecedent ionization, 
1.6., an increase in the loss at sub-critical voltage increases the 
strength of the contractile envelopes about the migrating ions 
and their ability to start brushes or part-corona and thus to 
lower the critical voltage and remembering also what has just 
been said above in regard to the factors that control and develop 
antecedent ionization: Ц is clear that an increase in high- 
voltage as such irrespective of stress factors, t.e., the diameters 
and distances apart of the conductors, will relatively lower the 
critical voltage. This is the chief reason why Mershon’s Telluride 
and Niagara results, as to his designation of critical voltage, differ | 
so much after due allowance was made for change in atmospheric 
density duetoaltitude. The differences are duc entirely to natural 
causes. Тһе antecedent ionization in both cases are much the 
same at the same voltage. However, owing to the low barometer 
at Telluride the full corona starting voltage there, was but about 
two-thirds of the corresponding voltage at Niagara. Тһе conse- 
quence is that the antecedent ionization loss at such voltage 
was only about one-quarter of the corresponding loss at Ni- 
agara, thereby elevating the critical voltage because the down- 
ward extent of the part-corona range was lessened. 

е. Stranding and hard-drawing as factors that determine critical 
voltage and corona voltage. 

In his Niagara Falls tests Mershon found that stranding the 
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conductors in a given case raises the critical voltage quite ap- 
preciably above that of the same corresponding case wherein 
the conductors are solid having the same over-all diameter. 
He found also that the critical voltage is increased as the number 
of strands is increased when the same over-all diameters are 
retained beginning with seven strands at which no increase 
occurred. 

This effect is undoubtedly due to the fact that any change in 
the electric field within the small corona striking distance from 
the conductor surface will cause a corresponding change in the 
critical voltage that starts part-corona. Part-corona starts 
at the same critical collision-ionizing stress as that required to 
start uniform corona, the difference being that in spots more or 
less regularly distributed over the surface of the conductor the 
ficld has been concentrated at sub-corona voltages to the critical 
Stress density, starting corona at such spots and giving rise to 
the phenomenon of part-corona or brush discharge already often 
referred to. This field concentration has been brought about 
by the concentrated travel of ions for ming cores that act as con- 
ductors to concentrate upon them the electric ficld and to deplete 
it elsewhere near the conductors. 

The aggregate effect of increasing the strands in a conductor 
is to expand the electric stress in the thin but important corona- 
striking envelope of air covering the conductors and to make the 
effect of such expansion amount to more than the effect due the 
resulting increase in capacity caused by the stranding. 

In the same series of high-voltage tests Mershon also found 
correspondingly that the effect of “ hard drawing " 15 to increase 
the critical voltage. By hard drawing the atoms of the con- 
ductor are made to take up a more compact arrangement— 
particularly at the surface. One must expect this to interfere 
with the case with which the free ions of the conductor can act 
their part in the process of ionization by impact. If this view is 
Correct hard drawing raises the critical voltage by failing to 
maintain fully the stock of ions that carry the in-phase loss cur- 
rent set up at sub-critical voltages, upon the inverse magnitude 
of which, as shown above, the critical voltage, among other fac- 
tors, depends. 

f. Quantity of antecedent ionization а critical voltage factor. 

This factor has been segregated by the application of first 
principles and by the study of a considerable range of high-volt- 
age tests. In the final round-up of all controlling factors that 
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could be found it has taken a very important place. It was de- 
sirable, therefore, to obtain evidence by some convenient form 
of high-voltage laboratory experiment that would determine 
its existence in a manner as direct as possible. 

The following experiment was chosen for this purpose. A 
diagram of the apparatus and its arrangement as employed in 
the experiment is given in Fig. 28. In а large open laboratory 
building a pair of tinned steel telephone wires, approximately 
No. 12 В. & 5. gauge, were mounted and insulated for high- 
voltage tests, approximately 13 in. (33 cm.) between centers, 
making a line about 50 ft. (15 m.) long, 12 ft. (3.6 m.) from the 
floor. These wires had been in service and exposed to the 
weather for a year or more. Their surfaces had captured and 
retained comparatively little radioactive emanations as onc 
familiar with such matters could tell bv watching the manner in 
which part-corona first made its appearance. Тһе wires were 
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therefore іп a suitable condition for the purpose of the ехрегі- 
ment. Тһе actual critical loss-voltage value observed visually,. 
was 58 kilovolts (effective sine-wave), 60 cycles. The previous 
use of the electrostatic cathode ray power diagram indicator 
had demonstrated that Mershon’s value of critical voltage occurs 
at the first visual appearance of the part-corona brushes. Visual 
observation could therefore be relied upon fully for the purposes 
of the experiment. 

In the plane of the conductors and midway between them a 
No. 30 B. & S. gauge bare copper wire was suspended and in- 
sulated for the application of high-voltage. It was connected 
to the negative terminal of an electrostatic machine, the positive 
terminal of which was grounded, as was also the middle of the 
high-tension transformer secondary. This electrostatic machine 
delivered to the wire about 0.00003 ampere at 10,000 volts. 
When no alternating high-voltage was applied to the line and 
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corona was produced over the fine wire by operating the electro- 
static machine on the application of the altcrnating high-voltage 
to the line, the corona on the fine wire disappeared; the discharge 
from it was then entirely dark. With negative discharge on the 
fine wire absent, a critical voltage of 58 kilovolts (effective sine- 
wave) was required to start the first small brushes; on elevating 
the voltage full corona appeared promptly. With the negative 
discharge on the fine wire present, the corresponding critical 
voltage was only 52 kilovolts; on elevating the voltage full 
corona developed much more slowly than it did with the discharge 
on the fine wire absent. One could set the voltage on the line 
at 53 kilovolts with no evidence of part-corona formation as long 
as the fine wire discharge was absent. Immediately on starting 
the fine wire discharge, the first stage of part-corona appeared. 
Тһе experiment was varied by setting the line voltage just under 
the normal critical voltage, т. e., at about 57 kilovolts with the 
fine wire uncharged; immediately on charging the fine wire by 
starting up the electrostatic machine, a heavy part-corona ap- 
proximating the stage of full corona appeared. 

The experiment demonstrated that an abundance of negative 
ions produced in the neighborhood of a high-voltage line will lower 
the Mershon critical voltage materially while it will change but 
httle the voltage that develops full corona. ОҒ itself an experi- 
ment of this sort would not amount to much; considered in 
connection with the fact that the critical voltage is lowered as 
the in-phase ionization current increases, it occupies a place of 
real value as a check upon ones understanding of these matters. 

g. Captured emanation or “ dirt" on the conductors as a critical 
voltage factor at the cathode only; resulting effects in corona forma- 
tion by continuous and alternating high-voltages. 

Mershon, Watson*, Whitcheadf and others have found that 
dirt on the conductors will lower the critical voltage. Mershon 
and Whitehead used alternating voltages; the former employed 
parallel conductors in the open, the latter, closed concentric 
cylinders. The results of both agree and show that the effect 
of dirt on the conductors is to lower the critical voltage; White- 


“Е. A. Watson, “ Losses off Transmission Lines Due to Brush Discharge 
with Special Reference to the Case of the Direct Current.” British 
Assn. Advancement of Sc. Winnipeg 1909 mecting advance copy. Е. А. 
Watson “ Atmospheric Losses from Wires under Continuous Electric 
Pressure." Electrician Sept. 3, 1909 and Feb. 11 and 18, 1910. 

tJ. B. Whitehead, “ The Electric Strength of Air." PROCEEDINGS 
А. I. E. E., July 1910, p. 1059. 
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head concludes that it may be lowered as much as 33 per cent. 
Watson, using closed concentric cylinders and continuous high- 
voltages found in the particular test of dirty wire reported in his 
Winnipeg paper that the critical negative voltage was lowered 
as much as 50 per cent. He gives voltage current loss curves 
for the wire dirty and clean, showing that the dirt lowers the 
critical corona by concentrating the stress and starting part- 
corona at lower voltages than those required to start uniform 
corona on clean wires. When the conductor was subjected to 
positive, in lieu of negative continuous potential, dirt on its 
surface had little or no observable effect upon the value of the 
critical voltage and loss current set up when such voltage was 
exceeded. 

There are two classes of “ dirt’’ to be considered іп this 
connection: (1) the one made up of very fine conducting material 
such as precipitated carbon and (2) the other, made up of non- 
conducting or partially non-conducting material, rich ionized 
molecules or particles, or radioactive emanations that are so 
easily captured from the atmosphere. It was known in advance 
that the second class of dirt would, when adhering to the surface 
of the cathode-conductor, become radioactive under the negative 
high-voltage stress and emit negative ions and therefore electrons 
that promptly become detached from such ions under great 
electric stress and thus concentrate the field over such patches of 
dirt starting thereat part corona at a lowered critical voltage. 

There was, however, some doubt as to the behavior in this 
respect of dirt of the first class. The electrostatic power diagram * 
indicator was, therefore, applied to a pair of parallel piano wires 
mounted at the centers of their enclosing cylinders and the 60- 
cycle alternating high-voltage noted that started the formation 
ofapowercard. This done the wires were coated each witha thin 
layer of fine carbon deposited from the flame of a candle mounted 
underneath by a wire carricr to which was attached a string and 
drawn forward slowly from end to end of each wire. The ex- 
periment was again repeated and it was found that the critical 
voltage had been increased from 22 to 24 kilovolts, evidently 
due to the effective increase іп the diameter of the wire made by 
the envclope of fine conducting carbon. This result was ac- 
cepted as satisfactory proof that dirt which is almost wholly 
made up of fine conducting material, t.e., dirt of the first class, 
is not a factor in lowering the critical voltage. 

A corona voltmeter was made by mounting a clean tapered 
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brass conductor at the center of a cylinder of half-inch (12.7-mm.) 
mesh wire screen.* It is used for observing transient voltage. 
It stands in the open laboratory and after a time the surface 
of the brass rod must be cleaned to remove the captured emana- 
tions that cause its corona performance to be irregular. When 
it has not been cleaned for a time stout brushes appear at various 
places on the rod where there should be no corona. These 
brushes will always adhere to particular spots which when 
examined in the full daylight frequently can be hardly distin- 
guished from the normal surface of the rod. The spots locate 
the presence of radioactive emanations that are easily removed 
mechanically. Once started they become centers about which 
preferential capture continues because of their own contribution 
to the electric field about the rod. 

Doubtless all manner of dirt of the above second class will 
behave as these emanations behave because of the abundant 
ions that such material contains. In general the effect upon the 
alternating critical voltage and in-phase loss currents at higher 
voltages is much the same as that which is produced by the loss 
currents due to the stock of ions captured at sub-critical voltage. 
There are, however, no frequency and absolute potential factors 
connected with effects due to captured emanations and dirt as 
is the case with ions that are captured and held to cyclic orbits 
in the atmosphere about the conductors. 

h. Form of the electrodes and resulting figure of the electric field. 
as critical voltage and corona formation factors. 

There are three classes of electrodes to be considered in this 
connection: 

1. Concentric cylinders. 

2. Small cylinder and plate—parallel mounted. 

3. Small parallel cylinders. 

The first two are used only for laboratory purposes. The 
concentric cylinders have been much used for the laboratory 
study of corona. By their use corona is developed only over the 
small central cylinder in the envelope of air immediately ad- 
jacent thereto which is subject to a uniform spreading stress in 
an amount that is exactly calculated from the dimensions. 
The high-voltage required to produce corona-forming stress is 
one-half or less than that which is required when wires or cables 
are used. Thus with a 125-kilovolt source, as great balanced 


*Harris J. Ryan. Discussion giving details of this instrument. TRANS- 
ACTIONS A. I. Е. E., XXVIII, II, р. 804, 1909. 
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stresses in the air about a conductor at the center of a cylinder 
can be produced as when 250 kilovolts are employed to stress 
the air covering a pair of conductors of the same size mounted 
parallel and at a suitable distance between centers. 

Owing to the lower absolute potentials and the very small 
volumes of open air from which to capture a stock of ions, due 
to the facts and principles already established, the ionic loss 
currents at sub-critical voltages are exceedingly small; they 
can be detected only bv the most delicate means. It is assumed 
that the high-voltage emploved is alternating. The currents are 
too small to concentrate the field and start brushes at stresses 
lower than the one that will strike full corona; at all events 
nearly во. For the corresponding line of parallel wires or cables, 
to which 1s applied high-voltage in the open, this native ionization 
current. would invariably be ample to concentrate the stress 
and thereby to lower the critical voltage. With concentric 
cylinders this antecedent ionization current is so small that it 
has little or no effect upon the critical voltage. There is practi- 
cally no part-corona range and initial and corona voltages are 
not to be distinguished except possiblv for the larger sizes of 
conductors t.e., upwards from 0.3-in. (7.6-mm.) diameters. 

The vapor-product in this form of high-voltage atmosphere 
loss-test can not be a critical voltage factor. The vapor-product 
is a critical voltage gauge only when the water vapor put into 
: the atmosphere has been subject to a definite and rather abund- 
ant antecedent ionization, natural or artificial. The vapor- 
product will be discussed briefly as a separate topic. Тһе results 
reported to the Institute by the author in 1904, already referred 
to, so far as they go, confirm these characteristics of the con- 
centric cylinder tests. 

Whitchead employed closed concentric cylinders, 60-cycle 
alternating high-voltage, central conductors of various diameters. 
From enclosed atmospheres at different temperatures, laden with 
moisture іп known amounts оусг a wide range, he obtained 
results 1n abundant confirmation of the above understanding of 
the character of corona formation that 1s produced with con- 
centric cylinders. Inherently, this method causes critical and 
full-corona voltages to be almost identical. In fact it practically 
eliminates the turbulent critical alternating voltage control 
factors contributed by the atmosphere in the open; the aggregate 
eflects of these factors culminate in the behavior of the cap- 
tured stock of natural ions whereby as already stated the elec- 
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tric field close to the wire is greatly disturbed, апа concentrated 
in spots to such an extent as thereat to start part-corona and 
therefore to attain critical voltage at lower, and in some cases 
much lower, than the voltages required to produce full corona 
in the undisturbed electric ficld. 

The concentric cylinder method constitutes a laboratory ex- 
pedient wherewith to investigate the basic phenomenon in the 
corona problem, viz., corona formation under known conditions 
as to figure of ficld and сіссігіс stresses. It eliminates all the 
disturbing factors that occur under practical conditions. It is 
purelv a technical expedient for segregating and determining the 
character of the basic phenomena in corona formation under 
definite and decidedly limited conditions. Тһе results that the 
method gives are an important aid to the judgment but are not 
to be employed for practical purposes without a knowledge of the 
factor of safety that must be applied to include the many turbu- 
lent, modifving elements that enter to dctermine critical 
voltage, part-corona range, and the ultimate culmination of full 
corona. "This factor of safetv is somewhat analogous to that 
which is employed in mechanical problems to include the turbu- 
lent elements that are inherent under practical mechanical con- 
ditions but which can not be given a rigid treatment as can thc 
basic portion of the problem. 

The position that the concentric cylinder corona test occupies: 
should not be left without a further reference to the work of 
Watson who employed continuous high-voltages in this method. 
He found substantially the same critical voltage stresses at the 
surfaces of the wires that were found by Whitehead and the 
author using alternating high-voltages. His critical and full 
corona starting voltages were likewise coincident. His results 
confirm positively the conclusion. drawn from fundamental 
facts and principles that corona formation, as such, is entirely 
independent of the frequency; they confirm likewise the con- 
clusion that the concentric cylinder test determines corona 
formation under strictly definite and limited conditions as to 
amount of antecedent ionization and distribution of electric strain 
in the air about the conductor. 

Watson's Winnipeg paper includes excellent photographs of 
the positive and negative coronas formed by continuous high 
voltages. Тһе positive corona is uniform and flat against 
the surface of the conductor while the negative corona is irregular 
and lies more distant from the surface of its conductor. All 
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this is quite as it should be in the light of first principles. The 
positive corona is formed by collision-ionization, due mostly to 
incoming electrons, that culminates in the air right next to the 
anode-conductor surface when the critical voltage has been ex- 
ceeded. The negative corona is correspondingly due to collision- 
ionization produced also by electrons that are being expelled 
from the surface of the cathode-conductor where they have been 
liberated by the impact of incoming positive ions and by cap- 
tured emanations; it culminates initially, not at the surface of 
the conductor but radially remote therefrom at the corona 
striking distance. Тһе extra irregularity of the negative corona 
is due to the captured emanations which through their radio- 
activity concentrate the field about them, thereby lowering the 
critical voltage and forming a part-corona range at the cathode 
conductor, just as is the case correspondingly at both conductors 
when “ dirty ” and alternating critical high-voltages are applicd. 

Herein lie all the causes for the radical difference in the corona 
behaviors at anode and cathode in relation to critical voltage, 
part-corona range and initial full corona as modified by the 
presence on their surfaces of captured emanations and ionized 
“© dirt ”. 

Moody and Faccioli employed the small cylinder and plate, 
parallel mounted, in their corona investigations reported to the 
Institute in 1909, reference to which was made earlier in this 
paper. Their corona tests were made in a small in-door en- 
closure securing thereby daytime darkness to permit visual 
observation of initial corona voltages. These voltages are 
critical corona voltages and not critical loss voltages and as such 
are comparable with the critical corona voltages observed by 
Whitehead and the author. They employed a 60-cycle 100 kilo- 
volt (effective sine-wave) current. The small cylinder was con- 
nected to one terminal of the transformer, the remaining terminal 
of the transformer and the plate were grounded. Nothing is 
said in the paper apparently, in regard to the potential of the 
transformer case. In Fig. 2 of their paper the high-tension 
transformer employed is represented as mounted on the “ floor ", 
uninsulated and quite near the test rod and plate. The con- 
ductivity of the floor under the circumstances 1s a considerable 
factor in determining the absolute alternating potential to which 
the air would be subjected in which the test rod is immersed. 

With small conductor sizes having diameters near one-eighth 
inch (3.17 mm.) they found critical corona voltages sharply de- 
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fined that are in agreement as to electric stress with the White- 
head and author’s values obtained from concentric cylinders. 
With larger conductors they found critical corona voltages that 
were relatively higher. For a conductor having a diameter 
of one-half inch (12.7 mm.) with its center 18 in. (45.6 cm.) from 
the surface of the plate the critical corona voltage found was 
95 kilovolts (effective sine-wave), while the corresponding value 
given by the author's formula as calculated by Moody and 
Faccioli is 83 kilovolts. This formula gives critical corona 
voltages that occur in the use of the concentric cylinders. When 
the distances between the conductor and plate is less the ob- 
served values are relatively higher than the calculated value. 
Because the figure of the field in this case is considered to be 
quite exactly the same as that set up from one conductor to the 
“ neutral plane ” for the case of two parallel cylinder-conductors; 
because the field 15 in the aggregate much less regular than the 
field between the corresponding concentric cylinders; and again 
because the whole arrangement is apparently much more open 
than the concentric cylinders closed or open, it was at first sur- 
prising that this method should give critical corona voltages 
which are decidedly higher than those given by the concentric 
cylinders. Particularly is this .so for the larger diameters 
whereat the field in the corona striking zone next the conductor 
surface also begins to be unbalanced partaking of the general 
character of the field. Тһе observed and calculated values, 
using the authors formula for the latter, as obtained by Moody 
and Faccioli in these experiments are taken from page 774, 
Fig. 3, and page 775 of their paper and tabulated below: 


DIAMETERS ОР CONDUCTORS IN INCHES 


= = 


| à | 
‚0.125 0.125 ӨРЕН 0.25 0 375 0.375 0.50 | 0.50 


Distance | Kilo- | Kilo- Kilo- Kilo- Kilo-  Kilo- Kilo- | Kilo- . 
volts | volts volts volts volts volts volts | volts 
| | 


іпсһев ' obs. | calc. | obs. ! cale. obs. | calc. ! obs. | calc. 
709 — — "ws|33 50 8.5 00 eer [из 
12 37.5 | 40.5 58.5 53.5 76.0 65.0 90.0 | 76.5 

18 | 42.0 | 43.0 620 ` | 57. 7 81.0 ‚ 70. 3 95.0 | 83.5 


The calculated values for the one-eighth inch (3.17 mm.) 
conductor were added by the present author using the new 
formula derived toward the close of this paper. 

Moody and Faccioli followed up the causes of these dis- 
crepancies by undertaking many interesting and instructive 
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experiments. In one set of such experiments they used con- 
centric cylinders open ended. The inner radius and length of 
the outer cylinders were 5 in. (12.7 cm.) and 18 in. (45.6 cm.). 
The test conductor was mounted at the center of this cylinder 
and connected as always to one terminal of the high-tension 
transformer, the other terminal and outer cylinder were grounded. 
The values observed herewith’ and those correspondingly cal- 
culated by the present author using his later formula are given 
in the following table: 


І 


Observed by Moody and | Calculated by the 


Diameter inch. | Faccioli author 
| Kilovolts* Kilovolts* 
0.125 24.0 | 30.2 
0.250 36.5 | 38.5 
0.370 | 47.5 ь 45.3 | 
| 


0.500 | 54.5 | 51.6 


*Effective, sine-wave potential. 


If diameter critical corona voltage curves were located with 
these values they would intersect. These ,results show con- 
clusively that the air inside the cylinder was subjected to a 
composite electric stress due to the potential difference between 
the cylinders and the absolute potential of the air in which the 
open cylinders were immersed. An erratic migration of ions 
occurred causing corresponding changes in the normal ionization 
of the air within the outer cylinder and in the stresses that strike 
corona adjacent to the conductor surfaces. 

(1) In the concentric cylinder tests of Watson, Whitehead 
and the author the air between the cylinders was not subject 
to disturbances by contact with an outer atmosphere at an 
uncertain potential, and the critical corona stress results are in 
remarkable agreement although the construction and methods 
in most other respects differed greatly. (2) When we undertook 
critical-loss voltage tests on a three-phase high-tension laboratory 
line charged from two open delta-connected 20-kw., 60-kilovolt 
60-cycle transformers, although the three alternating potential 
differences were practically balanced as to phase and voltage, 
the resulting corona formation was remarkably unbalanced 
because of the disturbances of the neutral potentials caused 
by the electrostatic relation of the transformer cases, high-voltage 
circuits, three-phase line, “ground " and surrounding atmosphere. 
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This can probably be overcome by resistance loads properly 
applied; time has not as yet permitted this to be tried out. 
These two sets of evidence together with the gencral principles 
involved demonstrate conclusively the cause of the erratic 
corona behavior found in the above tests using the rod and 
plate. It is doubtless possible to shield the rod and plate elec- 
trode from uncertain potential interferences with the stresses 
and migrating ions, in which event the Moody-Faccioli evidence 
indicates that this form of test will yield much the same critical 
corona stresses as those obtained by the use of the concentric 
cylinders with the surrounding normal zero potential undis- 
turbed. In any event the parallel rod and plate, while offering 
greater structural and experimental convenience, can not employ 
on the one hand such a definite limited stock of natural ions 
as the concentric cylinders, while on the other hand it does not 
nclude all of the factors that enter when the parallel cylinders 
are used in the open so as to obtain critical loss and critical corona 
voltage corresponding to the conditions of practical operation. 

The factors that enter when the electrodes are parallel cylinders 
mounted in the open atmosphere, indoors or out according to the 
kind of air to be studied, have already been considered. Some 
special examples will be considered below as a separate section 
of the paper. This is the only form of test that yields the 
composite results that are applicable to practice. 

i. The power transmission current as a possible critical voltage 
factor. 

The magnetic field set up about the transmission conductors 

in concentric zones of maximum strength at the surface of the 
conductor will have some influence in determining the value of 
the critical loss voltage. There is abundant evidence that any- 
thing which alters or disturbs the normal movements of the 
electrons very near to the surface of the conductors will modify 
the critical loss voltage. Electrons, when driven through a 
magnetic ficld, are everywhere turned at right angles ta the 
direction of the ficld. The actual directions are the same as for 
the deflections of equivalent currents. The field that the power 
current sets up will cause the electrons to be forced out or drawn 
in by curvelinear routes near the surfaces of the conductor. 
From the general nature of the phenomena one must expect that 
this cause will effect a certain increase in the critical loss voltage 
—perhaps comparable with that caused by stranding the con- 
ductors. 
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7. The vapor-product as a critical loss voltage factor found by 
Mershon at Niagara Falls.- 

When one considers the evidences that establish the place 
that natural ionization occupies in determining the extent and 
character of the energy loss in the atmosphere about high- 
voltage transmission lines; when it is remembered that the vapors 
rising from great water falls are highly ionized; and when the 
fact is included that artificial changes in the vapor product 
unaccompanied by corresponding ionization changes cause little 
or no change in critical loss voltages one is forced to conclude 
that the vapor-product at Niagara Falls was a pretty good gauge 
of an extra natural supply of ions that were carried to the region 
of test by the vapors rising from the near-by falls. -One must, 
therefore, expect to find the vapor-product acting the role of an 
ionizatiom gauge in similar localities and along ocean shores, etc. 

k. Absolute potential and phase relations as critical voltage 
factors. (Polyphases, balanced and unbalanced.) 

It was expected in advance that a four-wire, two-phase line 
wherein the conductors are mounted at the corners of a square, 
each phase occupying a diagonal, would render critical loss and 
corona voltages identical with those rendered оп one phase and 
the other cut-out. "This was tried out and found to be so. 
When both phases are applied to the lines the instantaneous 
voltage of the one is zero when the other 15 maximum and en- 
gaging in corona formation, if the critical voltage has been 
exceeded. From first principles it was expected that each 
conductor held its captured stock of ions so close in as not to 
contribute to the effective stock of the other. Тһе result of the 
experiment confirmed this understanding of the matter. 

The conditions about a three-phase line arc somewhat dif- 
ferent in that only one conductor comes to maximum potential 
at a time, and for this reason it was expected 1n advance of actual 
trial that when any sort of unbalancing was present the in- 
dividual conductors would have differing opportunities to cap- 
ture a stock of ions. In advance of actual trial this feature was 
rather dimly realized from fundamentals. Our facilities afforded 
an adjustable three-phase 60-kilovolt, 60-cycle source only by 
means of two open-delta connected, 20-kw. transformers. The 
No. 12 B. & S. gauge tinned and weathered telephone wires were 
mounted for the application of high-voltages inside a large open 
monitor type laboratory building. Тһе length of line was 
about 130 ft. (39.6 m.); the center to center separation of the 


^ 
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three conductors was 12.5 in. (30.5 cm.). The high voltage 
delivered from the open-delta-connected transformer secondaries 
was adjusted to a true three-phase condition at the voltage 
maxima both as to phases and magnitudes and then checked by 
ncedle spark-gap. 

The transformer cases were thoroughly insulated by mounting 
the transformer on a frame supported by a bank of standard 30-kilo- 
voltinsulators. Тһе terminals of the two transformers are desig- 
nated 1 and 2' and 2" and 3 respectively. 2' and 2" were joined 
making a common terminal 2 so that the three-voltages were 
delivered from between 1, 2 and 3, in the usual fashion, to the 
line conductors correspondingly numbered 1, 2 and 3. The 
first sct of observations were made by applying the high-voltage 
to the line with the transformer cases insulated. "The voltage 
was gradually raised and the corresponding values noted at 
part-corona started on each line conductor. Тһе results ob- 
tained were as follows: 


TRANSFORMER CASES INSULATED 


—— À————————— 


Conductor | Critical loss effective sine-wave kilovolts 
1 33.6 
2 49.6 
с. 3 | 29.2 
| Single phase (2:3 cut out) 


| 


1:2 0 | 46.4 


The test when repeated with the transformer cases grounded 
yielded the following results: 


TRANSFORMER CASES GROUNDED 


Conductors Critical loss effective sine-wave kilovolts 
а a ыы лш 
| 1 35.6 
| 2 50.2 
3 32.0 


a А. А A -- 


The above test was then repeated one change only having 
been made, viz., two of the three connections between the source 
and the line were reversed. . 
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TRANSFORMER CASES GROUNDED 
Leads 1 and 2 to line reversed 


Conductors | Critical loss effective sine-wave kilovolts 
1 46.0 | 
2 33.6 | 
3 | 28.8 | 


These results bring out clearly the importance of the absolute 
alternating potential of the line conductors in relation to their 
potential differences. Тһе few hurricdly made tests demon- 
strated promptly that to go into the matter fully would con- 
stitute a considerable undertaking. Work along this line had 
to be given up, therefore, for the time being, as the purpose of 
the present undertaking was to be strictly limited to an effort 
to secure some hold upon the fundamental facts and principles 
that have a general application in these matters. 

In concluding this sub-topic attention is called to the relation 
of these results to those already referred to of Moody and Fac- 
cioli who also introduced the absolute potential factor by oper- 
ating with one terminal of their high-voltage transformer 
grounded. 


IV. CONCLUSIONS AND TABLE OF CORONA FORMATION DATA 
OBTAINED FROM HIGH VOLTAGE LINE TESTS 


The fundamental feature of corona is the formation of a 
collision-ionization envelope about the conductors of the high- 
voltage transmission linc. Under normal atmospheric condi- 
tions, t.e., barometer 29.5 іп. (750 mm.) of mercury and tem- 
perature 70 deg. fahr., the critical stress required to start collision 
ionization when regularly distributed, is 76 kilovolts per in. 
(30 kilovolts per cm.) at the critical striking distance, a, Fig. 2, 
from the surface of the conductor. It varies directly as the 
barometric pressure and inverscly as the absolute temperature. 

In addition to ionization by collision as the basic factor in 
corona formation, there is the complex and entirely turbulent 
irregularity factor that is made up for a given case, in whole or 
in part of the following elements, given approximately in the 
order of their importance: 

1. Irregularity of clectric fields beyond the atmospheric 
envelope covering the conductor in which the initial corona 
strikes. 
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2. Earth connection; on one side or at the neutral of the 
high-voltage source. | 

3. Excess ог lack of natural or antecedent ionization of the 
atmosphere. 

4. Captured ions and radioactive emanations at the conductor 
surfaces. | 

5. Mechanical form of the conductor surface affecting the 
uniformity of the clectric field within the thin corona striking 
envelope covering the conductor. 

6. Physical character of the conductor surface as to hardness 
and molecular structure that affect the impact ionization 
facility. 

7. Magnetic fields about the conductors due to the power 
currents they transmit. 

8. Stray factors, viz., ultra-violet light, et cetera, none of which 
are important. 

For convenience in referring to the parts of a corona voltage 
loss curve, the following terms are employed: It is assumed 
that the losses in watts are the ordinates to the curve and the 
voltages the corresponding absciss.e: That portion of the loss 
curve developed at voltages below the critcal voltage will be 
called the lower part, the succeeding portion covered by the 
sharp upward turn will be called the elbow and the remaining 
portion will be called the upper part. The losses expressed by the 
lower part, elbow and upper part are designated as losses by 
convection, part-corona, and corona, respectively. 

The convection current is small and of little importance 
on its own account, except at very high voltages, high 
altitudes or high frequencies. However, the convection loss 
current interferes considerably with the regularity of dis- 
tribution of the electric field very near the surfaces of the 
conductors—a vital controlling factor in corona formation. 
The larger the convection current the grcater is this effect of 
strengthening the field in spots at the surface of the conductor 
where part-corona will start at a correspondinglv lower average 
stress and therefore line voltage. The character of the lower 
part of the corona loss curve is, therefore, of much indirect 
importance. The convection current increases with the amount 
of natural or antecedent ionization—at what rate is not yet 
definitely known; it also increases approximately as the altitude 
and as the square of the voltage and frequency. 

The form of the elbow, 1.е., the changing rate at which part- 
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corona begins апа merges into corona as the voltage is increased 
is directly related to the amount of the convection current. 
The larger the convection current in a given case the lower will 
be the corresponding critical voltage at which part-corona will 
start and the more gradual will be the rate at which such part- 
corona will turn into a full corona as the voltage is increased; 
t.e., the steeper the lower part of the loss curve the longer the 
elbow. - 

The result in the aggregate is that, whereas critical voltages 
at which part-coronas begin are greatly and irregularly affected 
bv these turbulent factors, such factors have a much smaller 
and more definite effect upon the voltage at which part-corona 
ceases and corona begins. Full corona formed about parallel 
transmission conductors in the open is never as regular as that 
which is formed about the small inner cylinder by laboratory test. 
The result 15 that corona begins on a transmission line at about 
80 рег cent of the corresponding corona voltage found by the 
concentric cylinders laboratory test. This factor applies to an 
ungrounded circuit and to round solid, or seven-strand conduc- 
tors. Grounding the circuit may change this factor considerably, 
Smith's 1901 results show that a neutral ground may under 
some circumstances raise the value considerably while it is 
reasonable to expect in the light of all the available evidence that 
a high potential ground may lower it some. Stranding the 
conductors interferes with the concentration of the convection 
current at or near their surfaces. It increases the number of 
ion-cores or current streams and thus lessens the irregularity 
of the surface stress, raises correspondingly the critical voltage, 
lessens the part-corona range and in the end lowers the above 
irregularity corona factor; 1.е., for stranded conductors and а 
given pitch of the lower part of the loss curve the elbow 1$ sharper 
and shorter and the upper part steeper compared with cor- 
responding solid conductor results. 

The clbows of the loss curves cover wide voltage ranges— 
from 5 to 50 per cent of the initial corona voltage. Owing to the 
fact that a long elbow is followed by a slow rise in the high-voltage 
loss curve and vice versa these variations are compensated to a 
considerable extent. An average of 10 per cent of the initial 
corona voltage may be taken for practical purposes to cover the 
length of the elbow under ordinary conditions. | 

Thus a rational formula in part for predicting critical and 
corona voltages may be derived by emploving these factors as 
follows: 
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Let Е, be the critical corona voltage. 

Ерс be the critical part-corona voltage. 

E; be the critical corona voltage due to critical stress, 
critical striking distance and a given density of 
air; 1.е., the critical corona voltage obtained by 
laboratory test using concentric cylinders. 

hb. be the irregularity factor for transmission line critical 


E 
corona voltage, i.e., Ё = ——. 
Ес 4 
. Epe 
kp be the part-corona factor, t.e., Ёр; = p 
с 
k be the irregularity factor for critical loss voltage; 


%е., k = Roe ke. 
Ecrit be the crictical loss voltage. 
1.е., 
Ecrit = k Ee = kp. k: Ecc 


Ав stated above under all ordinary circumstances: 


Р. = 0.8; kp = 0.9; and k = 0.8X0.9 = 0.72 


Esri = 0.72 Ec 


This does not place the critical voltage as low as the exact 
value where convection loss transfers to part-corona. The 
convection loss is small; it is given approximately by the fol- 
lowing equation: 


Р = 2.0X10°f? E 


wherein P = watts per 1000 fcet, single phase line. 
f frequency. 
E = kilovoltage. | 
Example: f = 60 Е = 100. Substituting Р = 72 watts, or 
380 watts of convection current loss per mile of single-phase line. 
The change from convection to part-corona loss is always very 
gradual. The entire part-corona range multiplies the inevitable 
high-voltage loss by convection not more than five times. The 
above ratio 


Ec 


= 0.9 
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places the critical voltage high enough so that part-corona has 
increased the loss by an amount approaching the corresponding 
convection loss at the same voltage. Where corona is the 
voltage limiting factor, a few part-corona brushes will cost less 
than the increased cost in transmission caused by lowering the 
voltage to a point where they are completely eliminated. The - 
factor kpe = 0.7 and therefore k = 0.56 would eliminate brush 
discharge completely but at too great a cost. For this reason 
kpe = 0.9 15 chosen as a typical value based on a convection and 
brush discharge ‘or. part-corona loss less than one kilowatt 
per mile of a 100 kilovolt transmission line for usual conditions 
as to ionization, low altitude, temperature, etc. 

No consideration is made here of the effect of part-corona on 
the durability of the conductor. Matters of that sort are not 
herein considered. 

The factors k = b, . kpe, should be chosen with the same care 
and judgment as are employed in the selection of safety factors 
for structural design where turbulent elements enter along with 
those of a definite fundamental character. Тһе critical loss- 
voltage factor k = 0.72 1.е., k = Ёр ke = 0.9Ж0.8 = 0.72 is 
perhaps as safe a factor as any to be used without the aid of a 
judgment experienced and trained in these matters. 

The rational value of the initial uniform corona voltage, 
Ес, employed above is derived as follows: 

Ecis that voltage which will establish critical stress in а zone 
about the conductor at a distance from its surface equal to the 
corona striking distance. The normal critical stress is 76 kilo- 
volts per т. (30 kilovolts per cm.) and the normal critical 
striking distances, a, in relation to the conductor diameters are 
obtained from the curve in Fig. 2. The clectrical stress at the 
surface of a transmission conductor in kilovolts per in. is the 
ratio of the capacitv per square inch of the surface of such con- 
ductor to the capacity of an inch-cube of air—the latter being 
2.244107) farads, thus 


kilovolt in. surf: tress = ~ CX107 i : 1 m 
ilovolts per in. surface stress — 1000x 12x d ^ 2.944107 


1? C 
| 27197 а 


capacity of line in microfarads рег 1000 feet. 
diameter of conductor in inches. 


wherein C 


d 
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The voltage that will produce a stress of 76 kilovolts per in. 
at the distance, a, from the conductor surface 


р _ 26 270m 442а 
= 4/2 103 С 
ә 
Е. = 455. e ER (1) 


the kilovolts, (effective sinc-wave) required to start uniform 
corona about cylindrical clean conductors іп the normal at- 
mosphere wherein the values of a, C and d are given as defined 
above. 2 

The corresponding critical loss, kilovolts for all ordinary 
conditions are 


d+2a 


bui =, ЖУ ТТ 2 
Нега = 928 С (2) 


The corresponding expression giving the critical loss-kilovolts 
for any set of conditions is 


га (3) 
459-- С 
wherein: Esi = critical loss kilovolts, (effective sine-wave). 
k = kp X В, factors selected by judgment guided 
by the results of practical tests and experience. 
outer diameter of wire or cable in inches. 
а = corona striking distance obtained from curve 


in Fig. 2. 
b = barometer, inches of mercury. 
t = temperature, deg. fahr. 


All available data relating to corona formation obtained from 
high-voltage line tests are given in the following tables. The 
values headed “ Critical Uniform Corona Voltage, Calculated ” 
were determined by means of the above equation, No. 3, omitting 
the factor, b, Fig. 29 is a reproduction of a photograph of the 
part-corona display on the 110-kilovolts transmission line in 
Michigan upon which the tests were made by Foote. Other 
items of interest connected with these data not subject to tabula- 
tion are given in footnotes. 
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No. 4. This case is of especial interest. The results indicate an 
unusual electrical state of the atmosphere: Heavy ions, few in number, 
migrating mostlv to the ground urged on bv the electric field to earth of 
the high-voltage line combined with the natural electric field of the earth. 
The results of this test are the only ones available that show a large con- 
vection current, evidentlv passing to ground, and a small degree of natural 
ionization about the high-voltage line conductors as shown by the estab- 
lishment of a remarkably uniform corona requiring a voltage to start it 
that is almost as high as the standard given by equation 3 and by the 
concentric cylinders laboratory tests. - In fact the results of all three of 
these Worcester tests wherein the neutral-ground connection was used 
show the influence of such connection. Тһе aggregate effect of which has 
been to render higher than normal values of the critical loss-voltage ir- 
regularity factor, k. 

No. 11. The critical loss-voltage of 106 was located by exterpolating 
the original curve somewhat so as to locate a high-voltage loss equal to 
double the convection current loss. Doubtless an error of as much as 
two per cent may have been introduced in this manner. 

No. 12. Mr. E. L. West, as assistant general manager for the Central 
Colorado Power Company, found that the corona loss оп this line was much 
higher with the receiver load off than with it оп. He found that with 
nothing whatever connected to the line a station voltage of 77 kilovolts 
(effective sine-wave), applied at Shoshone caused part-corona to start on 
the hne conductors over the passes, and that as the voltage was increased 
the corona loss increased with almost the same rapidity that it would if it 
had been started simultaneously over the entire 181 miles (291 km.) 
of line and attained а valuc, due to corona alone, of 16 kw. per mile 
(10 kw. per km.) at a station voltage at Shoshone of 105 kilovolts. West 
and his co- worker Mr. Chas. S. Ruffner made an extensive study of this 
behavior of the line and found: 

1. With the receiver load on, the corona formation was limited to the 
line-sections through the passes and similar high elevations; that the 
corona loss started at the same voltage, vis., 77 kilovolts (effective sine- 
wave), and increased very slowly, attaining а value due to corona along 
at 105 kilovolts, of about 4 kilovolts per mile (2.5 kilovolts per km.) for 
the total line, or about one quarter of the loss that occurred with the line 
open at all points. 

2. That the great excess corona loss which occurred when full voltage 
was applied to the line entirely open, occurred largely on the Denver- 
Boulder section. 

A study of West's data verv kindly furnished the author for such 
purpose, was made having in mind the first principles that must apply in 
matters of this sort. A summary of the essential line data is given in 
the accompanving table. 

It is seen that the high altitudes occur in the 60- mile (965 km.) section 
that includes the passes and which constitutes roughly the middle of the 
three 60-mile sections. The facts and principles presented in this paper 
show that corona and the electric arc are the same phenomena displayed 
merely with different proportions as to voltage, current and form of 
electrodes. The corona formed in the middle section when the line voltage is 


1911] RYAN: AIR AND OIL AS INSULATORS 78 


above 77 kilovolts acts the role of a singing arc to detach energy from the 
main source and send it oscillating through the induction-condenser circuit 
of the Denver end section at a frequency due to its natural period. The 
resonance develops great wave distortions in the normal line voltage of the 
end section. High frequency circulating currents are set up and the 
highly distorted voltages develop maximum values that exceed the critical 
corona voltages. Thus as in all resonant effects the up-building of the 
circulating currents ceases when the losses chiefly due to the corona formed 
in the Denver section balance the rate at which the corona in the middle 
section acting as a singing arc can detach energy from the station at 
Shoshone. Doubtless as soon as the process starts, it goes into turbulence, 
1.6.. the corona wherever formed takes up the role of the singing arc and 
acts at the same time as a brake on its own behavior. 


SHOSHONE-DILLON-DENVER-BOULDER 100-KILOVOLT, 60-CYCLE ТНВЕЕ- 
PHASE TRANSMISSION LINE OF THE CENTRAL COLORADO POWER CO. 


| Elevation 


6-strand Peaks 
Miles cable SS ee 
Total ; іп В. & $. ‘Average Width Тор 
mules Location ' section gauge (0 feet | miles elevation 
ЖАС are 
0 Shoshone | — ^"  — | 6000 — | - 
52 0 8.000 — , — 
52 шан | -- 0 | 10,500 ` 2.5 12,000 
ass | . | 
| 23 0-1 ооо, — ' — 
45 Fremont | — 1 | — — | 11,200 
Pass | 
| 24 1-0 | 10,000 -- -- 
109 Argentine / — 0 | 12.000 5.5 | 13.500 
Pass | 
16 0 ‚ 11,000 -- — 
125 Tiree Peaks | -- 0 11.000 ` 16.0 | -- 
‚28 0 | 7500 — | - 
152 Denver : | -- 0 | 5,300 | — (| = 
| ! — 929 1 | 6.000 | — | — 
181 Boulder | | | | 7,500% 


| *Peak near Boulder. m 


Nos. 13 and 14. Lines of the Commonwealth Power Co., J. B. Foote, 
electrical engineer, Jackson, Mich. (13) Grand Rapids, 110-kilovolts 
and (14) Cook-Flint 135-kilovolts (proposed) transmissions. Tests were 
made by Foote on the Grand Rapids line from which factors were de- 
termined for computing the critical loss-voltage (one kw. approximately 
per mile, at 135 kilovolts) for a three-phase number o conductor. It is 
Proposed for this line to operate well into the part-corona range. That 
this is actually done on the 110-kilovolt Grand Rapids line may be seen 
by a glance at the photograph of this line taken at night in normal opera- 
tion, reproduced in Fig. 29, kindly loaned for the publication of this 
рарег by Mr. 1), B. Rushmore. 
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Nos. 15 and 16. These tests were made at Stanford primarily for the 
purpose of comparing the corona losses indicated on the screen of the 
electrostatic power-diagram indicator with the visual effects. They were 
not primarily undertaken to secure results to be placed in the above table. 
When the table was prepared it seemed as though it might be well to add 
the results of these tests because they were obtained from thoroughly 
insulated lines mounted in а large indoor space and in a climate and at a 
season wherein the atmosphere is known to be at a normal state of ioniza- 
tion 1n the open. 

Conclusions In Regard to the Open Atmosphere as an Insulator. 

1. Ionization and the travel of ions under electric stresses 
are the causes of failure of the open atmosphere as an insulator 
and thev are the cause of corona formation. 

2. All ordinary failures of the atmosphere under stress are 
developed through ionization bv collision which can be started 
under usual high-voltage eleétric stresses through the presence 
of some natural or antecedent supply of ions. 

3. Variation in the supply of natural ions in open air is the 
cause of the erratic variation of critical loss-voltages. Such varia- 
tions have little effect upon the values of the part-corona voltage 
that has increased the atmosphere loss by the small amount 
equal to the loss caused bv the inevitable ion-convection current. 

4. The figure of the electric ficld about the high voltage con- 
ductors determines the facility with which the migrating 10ns 
will concentrate the electric stress near the surface of the con- 
ductor and thus render the resulting corona irregular at all 
stages, causing it to be started and to be maintained at cor- 
respondingly lower voltages. 

5. The turbulent elements introduced by variations in the 
amount of natural ionization have so small an effect upon the 
corona forming pressures, and the field irregularity factor above 
referred to is so nearly constant over a wide range of conditions, 
that the rational formula as developed should be found depend- 
able to a reasonable extent. 

6. The term “ dielectric strength "" as applied to the open at- 
mosphere, from the inherent nature of things, can have no definite 
meaning. 

7. The rupturing strength of the normal atmosphere rests. 
upon two factors only, (1) quantity of ionization produced by 
the rupturing voltage, (2) the distance between the electrodes. 
The rupturing gradient varics from 300 kilovolts per in. (120 
kilovolts per cm.) at lowest ionization to 3 kilovolts per in. 
(1.2 kilovolts per ст.) at highest ionization with no indication 


е 
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that the limits at either end of this range have as yet been 
found. 

Conclusion in. Regard to Dry Transformer Oil As an Insulator. 

1. The failure of the oil as an insulator is due to ions liberated 
by the electric stress from the supply of free ions in the metals ` 
of the clectrodes. 

2. The electric stress required to detach ions from metals to 
the oil is much lower than the corresponding stress for a gas. 

3. The further conclusion follows necessarily that a com- 
pressed gas must, in regard to insulating quality alone, be superior 
to oil.* 

APPENDIX 


[Reprinted from Science, М. S., Vol. XXXII, No. 826, Page 608, 
October 28, 1910] 


THE NATURE OF ELECTRIC DiscHARGET 

At a meeting of the Academy of Science of St. Louis, on 
October 17, the writer presented photographic plates which 
strongly confirm conclusions reached in former papers. Pin- 
head terminals rest with their rounded heads upon the film of 
a photographic plate. Their distance from each other is about 
7 cm. One terminal is grounded in the yard outside of the 
building. Тһе other leads to a variable spark-gap at the nega- 
tive terminal of an 8-plate influence machine, the positive term- 
inal being grounded on a water-pipe. With very short spark- 
gaps, the passing of a single spark produces discharge images 
immediately around the pin-heads. Increasing the spark-length 
enlarges the images, which arc in the nature of brush discharges. 
The negative glow around the pin-head which communicates 
With the negative terminal of the machine increases very little 
in diameter, and the discharge lines іп it are radial. Тһе dis- 
charge lines around the grounded pin-head for short sparks 
follow approximately the lines of force. With longer sparks 


*In addition to the references already made the author acknowledges 
the great assistance he has received from Professor Ernest Merritt of 
Cornell University, Professor Francis E. Nipher of Washington Uni- 
versity, and Professor Е. J. Rogers of Stanford University; likewise the 
hearty helpful coóperation of his co-workers, Professors Charters and 
Hillebrand and of the authorities of Leland Stanford University whose 
cordial approval of work of this kind made the necessary experimental 
facilities possible. 


Trans. Асай. of Sc. of St. Louis, XIX., Nos. 1 and 4. 
tSee Figs. 11, 12a, 125, 13, 14a, 14b and 14с of the present paper. 
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they are somewhat distorted, as if beaten back Бу a blast from 
the opposite or negative terminal. As has been suggested in 
the papers referred to these discharge lines in the ‘ positive 
column "аге drainage lines, along which Franklin’s fluid is being 
conducted into the positive or grounded terminal. The por- 
tions of the air molecules which constitute the stepping stones for 
the negative corpuscles are urged in a direction opposite to that 
in which the negative discharge is flowing, thus promoting the 
lengthening of the drainage lines. Мапу hundreds of plates 
have been exposed in an attempt to adjust the spark-gap so that 
these drainage lines would end just outside of the negative glow 
without reaching it. In this way the length of these lines may 
be gradually increased until they approach the dark space around 
the negative glow. This dark space is a region where con- 
vection of atoms which have been supercharged within the 
negative glow are urged by convection away from the negative 
terminal. If the drainage lines reach this convection region, 
they cross it and reach the negative glow. It has thus far been 
found impossible to have them end within this Faraday dark 
space. If the spark-gap at the machine is so adjusted that only 
one or two drainage lines reach the negative glow, these lines 
will unite end on with the radial discharge lines of the negative 
glow. At the same time there is a distortion in the lines at 
and near their union, which reveals the commotion produced 
bv the opposing “ electric winds." 

If now the spark-gap at the machine be slightly increased, 
other drainage lines reach the negative glow. They cross its 
radial discharge lines, and even extend bevond the negative 
terminal. In a few cascs the entire area of the negative glow 1s 
traversed bv these drainage lines. It is evident that we have 
here the same conditions that Goldstein found in the vacuum 
tube. These drainage lines are the canal rays of the vacuum tube. 

This explanation of the nature of electric discharge enables 
us to understand why the positive column in a vacuum tube 
follows the tube in all of its windings and bends. It is not a 
convection column, but a drainage column. It is a conduction 
column. The conditions are different from those in a copper 
wire, in that the parts of the atoms which constitute the con- 
ductor are in gaseous form, and are capable of yielding to the 
force which urges them in a direction opposite to that in which 
the negative corpuscles are being urged. 


Francis E. NIPIHER. 


А communication to be presented at the 255th Meet- 
ing of the American Institute of Electrical Engt- 
neers, New York, January 13, 1911. 


Copyright 1911 By A. I. Е. E. 
(Subject to final revision for the Transactions.) 


HIGH-VOLTAGE LINE LOSS TESTS MADE ON THE 
100-KILOVOLT 60-CYCLE 180-MILE TRANSMISSION 
LINE OF THE CENTRAL COLORADO POWER 
COMPANY 
[COMMUNICATED TO HARRIS J. RYAN BY Е. 1. WEST AT THE 
REQUEST OF THE HIGH-TENSION TRANSMISSION COMMITTEE 

OF THE A.I.E.E.] 


somewhat over a year ago, Mr. West thenassistant general man- 
ager and now general manager of the Central Colorado Power Co. 
made a careful series of high-voltage line loss, wave-distortion 
and charging-current tests. He gave the writer copies of the 
results of these tests at the time they were obtained because 
of the wish on the part of the latter to make a study of the funda- 
mental] principles of their highly interesting characteristics. 
Mr. West has consented to the publication of the data re- 
ferred to above in the following charts: 

The Shoshone station voltage wave form is excellent, being 
nearly sinusoidal. | 

All banks of transformers аге delta-connected. 

The sizes and corresponding locations of line conductors are 
Siven on their charts whence their location may be made on the 
Profile map, Fig. 2. They are six-strand hemp-core copper 
conductors mounted horizontally, in line, outers 10 ft. 44 in. 
(3.15 т.) from the center. 

Tower spacings average 750 ft. (228 m.). Suspension insu- 
lators disk type, four disks 101 in. (26 cm.) in diameter connected 
with solid copper links. 

In a letter to the writer dated September 14, 1910, Mr. West 
says: “I spent a great deal of my time іп the generating sta- 
tions when the line was put into operation and I took the ob- 
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servations myself and used every means possible to secure 
accuracy. When the rheostat load tests were made I stationed 
the operators, who had previously been trained to obtain ac- 
curate observations, at the Shoshone or generating end of the 
line, while [ conducted the test from the Boulder or load end of 
the line. In order to get simultaneous readings I signaled the 
telegraph operator at Shoshone over our telegraph line bv re- 
peating the letter R at intervals of about five seconds. The 
observers at Shoshone could hear the telegraph instrument so 
in this manner we obtained simultancous readings at both ends 
of the linc. In addition to this we had curve-drawing instru- 
ments for voltage and kilowatts at both ends of the line and all 
instruments were calibrated carefully before and after the test. 
After the observations were taken I compared the curve-drawing 
instrument charts and in this way was able to eliminate any 
errors of observation, so that I believe the data obtained are 
nearly as reliable as a test conducted іп a laboratory where all 
instruments would be located at one point." 

Again in a letter dated August 11, 1910, Mr. West writes: 

" As I understand it, the specific question you would like 
answered is whether the difference in results shown by tests 
No. 7 made on July 23, and tests No. 10 made on November 14 
can be explained by difference in atmospheric conditions. Both 
Mr. Charles S. Ruffner, our operating superintendent, and I do 
not think this difference 1s due to weather conditions, but be- 
lieve that it is due to different connections of transformers to the 
line. You will note in test No. 7 that transformers were con- 
nected at Leadville, Dillon and Denver, and there were 30 miles 
(48 km.) on the end of the line from Denver to Boulder which had 
nothing connected to them; t.e., during this test there were no 
transformers connected at Boulder where the line voltage was 
highest, whereas, during tests No. 10, transformers were con- 
nected at Denver and Boulder only, with no other intermediate 
connections from Denver to the generating station. 

‘From here on I will let Mr. Ruffner dictate: 

“ We believe that the differences in load shown on the same 
length of line may obtain under different conditions of trans- 
former connections, being particularly affected by the location of 
such transformers. 

“Оп this particular system the connection of transformers 
(while adding small losses in the transformers themselves) 
decreases the total loss, by reason of local non-uniform reduction 
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in voltage and modification of wave form. In the case of test 
No. 7 the increased losses seem to be best explained by con- 
sidering that the line from Denver to Boulder was open-circuited, 
and that for the same voltages measured at Denver in the two 
cases, the corresponding voltages at the Boulder end of the line 
were greatly different; and that in the test No. 7, without trans- 
formers at Boulder, the potential there was so much above the 
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critical voltage that the losses on that end of the line were very 
high. 

“Іп the case of an open-circuited line оп which the rise іп 
potential is uniform throughout its length, the corona losses 
would, of course, not be uniform but would be several times 
greater at the open-circuited end. Іп fact, in some cases we 
believe that under open-circuited conditions the voltage is 
below the critical voltage at the power house end and is very 
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much above the critical voltage at the open circuited end, thereby 
producing the greater part of the loss at the open end of the line. 

“ We believe that another factor causing the difference be- 
tween tests No. 7 and No. 10 1$ the location at which transformers 
were connected, because this effect is shown by the differences 
between tests No. 1 апа No. 4. The effect of connecting inter- 
mediate transformers is to reduce the voltage below the critical 
value at several intervals along the line thereby preventing the 
average voltage over the length of the line raising as high as it 
undoubtedly would in case transformers were connected at but 
one point." 


А paper to be presented ай the Pittsfield-Schenec- 
tad y mid-year convention of the American 1nsts- 
tute of Electrical Engineers, Feb, 14-16, 1911. 
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DESIGN, CONSTRUCTION AND TEST OF AN 
ARTIFICIAL TRANSMISSION LINE 


gee 


BY J. H. CUNNINGHAM 


A little over a year ago Dr. Steinmetz suggested the con- 
struction of an artificial transmission line or ‘‘ slow-speed con- 
ductor” in the Electrical Laboratory at Union College. It 
was proposed to duplicate or reproduce as nearly as possible the 
conditions of a high-voltage long-distance transmission line 
in the laboratory in such a way that the various phenomena 
connected with a line of this sort might easily be investigated. 
It was not desired particularly to study the effects of very high 
voltage but rather to investigate and study the various transient 
and other phenomena in connection with switching, sudden 
change of load, etc. 

DESIGN 


Various methods of reproducing the conditions of a transmis- 
sion line were suggested and the most satisfactory method con- 
sisted of winding wire of suitable diameter on glass tubes or 
cylinders and lining the cylinders with tin foil. In this way, by 
selecting the proper diameter of wire and proper diameter of 
tube, any relation between resistance, inductance and capacity 
could be obtained. Calculations were therefore made to find 
the diameter of wire and size of tube that would give the most 
economical design. 

It was at first intended that each unit or cylinder should 
have constants equivalent to about one mile (1.6 km.) of line 
such as No. 0 B. & S. gauge conductors spaced five feet (1.5 m.) 
apart. It was soon found however that to obtain sufficient 
electrostatic capacity a cylinder of very large diameter (about 
10 in., 25.4 cm.) would be required, and the cost of such cylinders 


NOTE. This paper is to be presented at the Pittsfield-Schenectady 
mid. year convention of the A. I. E. E., February 14-16, 1911. Notice of 
oral discussion or any written discussion should be mailed to reach the 
Secretary before date of meeting. Written contributions received 
within 30 days thereafter will be treated as if presented at the meeting. 
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was found to be expensive. In view of this fact it seemed ad- 
visable to use the half mile instead of the mile as unit. Each 
unit should have therefore approximately the following constants: 
Resistance, 0.25 ohms; inductance, 0.001 henrys; capacity, 
0.007 m.f. 
The formula used in computing the inductance is as follows: 


4 д? ү? п? 


L = 1x10. x 2.54 


where L = inductance іп henrys. 
* = radius of winding in inches. 
п = number of turns. 
[ = length of coil in inches. 


The formula used for computing the capacity is as follows: 


lrk 
С = 4.54 2d x 9 x 105 
where / = length of tube. 
* — radius of tube. 


d — thickness of glass. 
k = specific inductive capacity of glass. 


Using the above formula various combinations of length of 
tube, diameter of tube, and number of turns and diameter of 
wire which would give the proper constants were worked out. 
. Prices were then obtained on various sizes of glass cylinders and 
it was finally decided that the most practicable design called for 
a cylinder six inches (15 cm.) in diameter, $ in. (3.1 mm.) thick, 
41 ft. (1.36 m.) long wound with 240 turns of No. 8 B. & S. gauge 
copper wire. 

Substituting these values in the above formula the following 
constants are obtained. Three inches on cach end of tube are 
left free of winding. 


4 т? X3° X240? х 2.54 | 
1, -- 48х10 = 0.00104 henrys 


_ 2.54Х48Х3Х4.5Х8 _ 2, | 
CH= 2%9Х10% = 0.00748 Х10-6 farads 
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The value used for k is 4.5. This factor is rather indefinite, 
different authorities giving values which vary from 3 to 10. 
The value 4.5 was taken as an average value and the results of 
experiments on the line show that this value is probably too high. 

The resistance of 240 turns of No. 8 B. & S. gauge wire is 
0.24 ohms, at 20 deg. cent. This is the resistance of one-half 
mile (0.8 km.) of conductor between No. 0 and No. 00 gauge 
copper wire. With the above design each unit should be equiva- 
lent to one-half mile (0.8 km:) of No. 00 gauge wire spaced five 
to six feet (1.5 to 1.8 m.) apart. 

In order to hold the tubes in as compact, Td uda the same 
time accessible form as possible, suitable racks. were designed. 
As each tube when complete weighs about 40 pounds, a rack of 
fairly heavy construction was required. Because of the limited 
floor space the racks had to be built as high as the ceiling would 
permit. Each rack, as designed, carried 100 tubes in 10 rows 


A single unit 


of 10 tubes each. Their approximate dimensions аге 9 ft. 
(2.7 m.) long by 8 ft. (2.4 m.) high by 43 ft. (1.8 m.) wide. These 
racks have proved entirely satisfactory. 


CONSTRUCTION 


The wire was placed on the glass tubes in the following manner. 
It was first attempted to wind the wire directly on the tubes. 
This was done by passing a rod threaded at both ends through 
the tube and clamping it in place in the centre of the tube by 
means of blocks at each end. Because of the uneven manner in 
which the ends of the tubes were cut off this method of clamping 
set up stresses in the glass which broke the tubes. Felt pads 
were tried to distribute the pressure more evenly but were not 
found very satisfactory. This method was finally abandoned. 
Instead of winding the wire directly on the glass tube it was first 
wound on a wooden form constructed for this purpose. This 
form consisted of a cylinder 61 in. (16.8 cm.) in diameter and 
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5 ft. (1.5 m.) long mounted on bearings about 5 ft. (1.5 m.) from 
the floor. A pulley was attached to one end of the cylinder and 
belted to a shunt motor. There were 230 turns (equivalent to 
240 turns on the glass tubes) wound on the forms. The coils 
were then loosened, slipped off the wooden cylinder, and were 
then ready for mounting on the glass cylinders. This method 
proved entirely satisfactory. | 
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A portion of the line 


End connections were made by means of a copper strap one 
inch (2.5 cm.) by 0.025 in. (0.63 mm.) by about one foot (30.5 
cm.) long. These strips were soldered to the last turn and formed 
very convenient terminals. 

The solenoids of wire after being removed from the wooden 
form were mounted on the glass tubes. The loosened coil was 
slipped over the tube. The copper strap at one end of the wire 


- 
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was then tightly fastened to the tube by means of several layers 
of one inch (2.5 cm.) by 0.007 in. (0.18 mm.) linen tape, which 
was afterward thoroughly varnished. The wire was then dis- 
tributed as evenly as possible over the entire tube, tightened by 
turning the wire, and made fast at the other end by taping. 

The tin-foil lining was placed in the tubes in the following 
manner. Sheets of raw-hide fibre of 40 mil thickness were cut 
in strips 24 by 17.5 in. (137 by 44.4 cm.). Тһе tin-foil was 
then pasted on these sheets of fibre by means of a coating 
of varnish. А small margin was allowed at each end also 
longitudinally to prevent the foil acting as à short circuited 
secondary. Transverse slits were cut at intervals of 6 in., 
alternately half way across the sheet, to prevent eddy currents. 
Small copper leads were then soldered at one end of the tin-foil 
sheet. The chief difficulty in soldering is that if the iron is too 
hot the tin-foil will be melted. Ву proper care however a good 
joint can be made. The sheets of tin-foil were then placed 
in the glass tubes and the leads connected together by soldering 
themtoa bus. This consisted of No. 8 B. & S. gauge bare copper 
wire attached to the frame of the rack by porcelain insulators. 

The next difficulty was to keep the tin-foil pressed out firmly 
against the glass tubes. Тһе fibre did not prove springv enough 
to adapt itself completely to the form of the tubc. It was 
decided to use expansion rings to press the fibre more firmly 
against the glass. Hard drawn copper wire was first tried for 
this purpose but did not prove stiff enough, and also showed 
a tendency to slip longitudinally. Phosphor bronze strips 
5/16 in. (7.9 mm.) by 30 mils and $ in. (12.7 mm.) bv 30 mils were 
finally used. "These rings proved quite satisfactory; thrce were 
used per tube. By their use the electrostatic capacity of the 
tubes was considerably increased. Care must be taken in placing 
the rings in the tubes not to crack the glass. One hundred 
and fifty tubes were constructed in this way during the spring 
of 1910, the work being done by Messrs. Becker and Grover, 
seniors in the Electrical Engineering Department of the Uni- 
versity. After some preliminary testing it was decided to con- 
tinue with the construction and at present the line consists of 
400 cylinders. 

The line is represented diagrammatically by Fig. 1. 

The diagram shows the method of connecting the units 
together and with sufficient number of units a line of any length 
could be produced. 
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CONSTANTS OF LINE 


The complete line has the following constants: 

Capacity 1.135 microfarads. Inductance 0.3944 henrys. 
Resistance 93.6 ohms. 

The capacity was measured as shown in Fig. 2. 

As seen by the diagram, the potentiometer method was used 
to climinate harmonics. Also, the tubes were connected in 
multiple so as to measure the true capacity and not the charging 
current of the line. 


LINE UNIT 


TRANSFORMER 


ЕС. 1 


From the above constants the equivalent length of the line is 
determined as follows: 

In a circuit of distributed capacity and inductance the reson- 
ance frequency or natural period 1s expressed by 


LINE UNITS 


(А) OO 00099 00000 00000 УЗО 
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where L - total inductance in henrys. 
C — total capacity in farads. 


| 


1 
= 5 
4% 0.394 X 1.135 X 10 


= 360 cycles. 


Since the propayation of an electric wave is at the same rate 
as the velocity of light or about 186,000 miles (299,338 km.), 
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рег second it follows that the natural period of а line may be 
represented by the expression 


186,000 
pe 41 


where / = length of line in miles. 

substituting for f its value, 360 cycles, gives as the ыы 
length of line 130 miles (209 km.). | 

Since the total resistance of the line is 93.6 ohms the resistance 
per mile of the equivalent conductor lies between that of a No. 1 
and Мо. 2 В. & 5. gauge wire. The artificial line is thus equiva- 
lent to 130 miles (209 km.) of No. 1 (approximately) B. & S. 
gauge wire. 

The capacity of the line is considerably less than that expected 
from the design. This is due to several causes. In the first 
place the tubes were assumed to be of the uniform thickness of 
8 in. (3.1 mm.). The tubes actually varied anywhere from 
s in. to Fin. or ё іп. (3.1 mm. to 6.3 mm. or 9.5 mm.). in thickness. 
This of course greatly reduced the electrostatic capacity. Іп 
the design it was assumed that the tin-foil pressed tightly against 
the glass. In practice it was found impossible to make it do so, 
there being more or less air space between the tin-foil and glass. 
Again the specific inductive capacity used in the design may 
have been too high. If some better means of lining the tubes 
with the tin-foil can be devised the capacity of the line will be 
greatly increased. 

А great amount of trouble has been caused bv the breaking 
of tubes. After being completed and placed on the racks they 
would crack with no apparent cause. This breakage was large 
at first but gradually became less and it now seems that those 
which are going to break arc eliminated. 

À summary of the lines is as follows: 


Number of tubes in line............ 400 
Capacity оҒПіпе...................1.135 X10% farads. 
Пкіпсбапсе....................... 0.3944 henrys. 
Resistance of Ппе................. 93.6 ohms. 
Natural period — 5 -............. 360 cycles. 

р ал ІС ) 
Equivalent length of line 32” ...130 miles (209 km.) 


Equivalent size of conductor........ Between 1 and 2 B. & S. 
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TESTS ом LINE 


The following records show the results of some of the tests 
that have been made on the line. Three classes of tests аге 
shown; a, throwing voltage on the line, b, opening the line. and, 
c, switching line on line. The work was all done with about ` 
two thousand volts on the line, power being taken from the city 
lighting circuit. 
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a. Closing Line. The conditions under which these records 
were taken атс shown by Fig. 3. Voltage was thrown on the 
line which was open except for a 50-watt, 50 to 1 potential trans- 
former connected across the receiver end. The record shows the 
voltage at the gencrator end, the voltage at the receiver end, 
and the current. Іп all the records vibrator I 15 current, vi- 
brator II voltage at receiver end of line, and vibrator III voltage 
at the generator end of line. 
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In record a-1 the line was closed near the zero value of voltage, 
and very little surge of current and voltage resulted. In 
records a-2 and a-3 the line was closed near the maximum point 
of the voltage wave, and surges of considerable magnitude both 


Record A42 


Кесога АЗ 


of current and voltage at receiver end result. The rise of volt- 
age at the end of the line with the first rush of current is very 


noticeable. | 
5. Opening Line. These records were taken under the con- 
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ditions shown, in Fig. 4 and Fig. 5. In records 5-1 and 5-2 the 
line was opened at the generator end while feeding into a trans- 
former at the receiver end. The current was measured at the 
receiver end of the line. When disconnecting switch is open the 


Record Bl et 


VIB. III | 


Record B3 


line is entirely open at the generator end. Before opening the 
line the record shows the charging current of the transformer 
(vibrator I), voltage at generator end (vibrator III), and voltage 
at the receiver end (vibrator II). When line was opened the 
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low frequency surges of voltage and current are shown. These 
surges are seen to be of decreasing mangitude and of longer and 
longer duration. The voltage wave is very flat topped, and the 
current wave peaked, the peak occurring at the reversal of volt- 


age. 


Record Cl 


Record C2 


Record C3 


In record 6-3 the line was opened with only a potential trans- 
former across the receiver end. In this case, however, the 
potential transformer at the generator end was connected on the 
line side of the disconnecting switch, and the current measured 
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at the generator end of the line. After the line is opened we 
have a closed circuit consisting of the line and potential trans- 
formers. Before opening the line the record shows the charging 
current of the line (vibrator I), voltage at generator end (vi- 
-brator III), voltage at the receiver end (vibrator II). When line 
was opened we sce again the low frequency surge of voltage and 
current. 

c. Switching Line on Line. The conditions of this test are 
shown by Fig. 6. Two-thirds of the line was alive and records 
of the current were taken as the remaining third of the line was 
thrown on. In this case the dead line received the initial charge 
from the live portion of the line, and a high frequency oscillation 
takes place. It is interesting to note the difference between 
these records (c-1, c-2 and c-3) and the records of the current 
when the whole line was thrown on a transformer (а-1, a-2 
and a-3). 
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TESTS OF LOSSES ON HIGH TENSION LINES 


-———— 


BY G. FACCIOLI 


It is generally admitted that corona losses constitute the most 
serious objection to the use of higher voltages іп transmission 
lines. For this reason a number of physicists апа engineers 
have devoted and are devoting their attention to the study of 
corona phenomena.  Thcir investigations can be divided into 
two classes. 


First: Investigations in laboratories, where conductors of 
limited length and apparatus of comparatively small size are 
experimented upon. 

Second: Investigations on high-tension lines under operating 
conditions or on experimental lincs. 

Since the opportunities for investigations of the latter category 
are limited, it seems advisable that the results of such experi- 
ments—though they may be incomplete—be gradually collected, 
until sufficient data are securcd to warrant the deduction of 
reliable conclusions. 

As a contribution to such a collection, this paper gives the 
results of tests taken on the lines of the Central Colorado Power 
Company. Ап investigation was undertaken on this power 
System to study line oscillations and switching phenomena and 
this will form the subject of a future paper. However, while the 
main investigation was in process, some tests on line losses 
were performed which, owing to the peculiar topographical 
conditions of this system, will prove of practical interest. 

Fig. 115 a map of the system. 

The main Power House is located at Shoshone. 

The three conductors of the three phase line are situated on 
ы рл ы a MRL ае ЕС 22222. 
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a horizontal plane, with a distance of 124 in. (3.14 m.) between 
centers of adjacent conductors. 

Each conductor between Shoshone and Denver consists of a 
hemp center, six-strand, copper cable, No. 0 B. & S. gauge, with 
the exception of a section between Leadville and Dillon where 


-zZ 


BOULDER 
2. POWER PLANT 


<, 
IDAHO SPRINGS 


[ y 
A DENVER 


SUBSTATION 


SHOSHONE 
POWER PLANT 


LEADVILLE 
=i SUBSTATION 


/ 


Fic. 1 


the conductors are of smaller size. From Denver to Boulder 
three, six-strand copper cables, No. 1 B. & S. are used. 

As shown in Fig. 1, the length of the transmission line from | 
Shoshone to Denver is 153.5 miles (247 km.) of which 63.5 miles 
(102 km.) are from Shoshone to Leadville, 31.4 miles (50 km.) 
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from Leadville to Dillon and 58.6 miles (94 km.) from Dillon 
to Denver. 

The distance between Boulder and Denver is 27.6 miles 
(44 km.) 

Power is delivered to Denver from Shoshone and Boulder, but 


1911) FACCIOLI: TESTS ОМ. LINE LOSSES 101 


at the time of the tests the Shoshone power house only was in 
operation. Fig. 2 shows the towers of the system. The insu- 
lators are all of the suspension type and have four insulating 
disks each. 

The altitude and the climatic conditions of the country 
traversed by the transmission line are unusual. The line crosses 
the continental divide at three points, one between Shoshone 
and Leadville at an altitude of 12,000 ft. (8,657 m.), another 
between Leadville and Dillon at 12,500 ft. (3,810 m.), and the 
third between Dillon and Denver (Argentine Pass) at 13,700 ft. 
(4,175 m.). These exceptional conditions magnify the import- 
ance of the problem of line losses, as it is well known that the 
atmospheric losses increase with the altitude. 

The 153.5 miles (247 km.) of line (from Shoshone to Denver) 
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were energized from Shoshone as shown in Fig. 3. The linc 
was entirely unloaded, no apparatus being connected to it with 
the exception, of course, of the generating system at Shoshone. 

This consisted of a 5,000-kw., 4000-volt, 60-cvcle, three-phase 
alternator, connected to the low-tension side of three 3,333-kw. 
transformers, whose ratio of transformation was 4200 to 100,000 
volts. 

The generator windings were Y-connccted, the three trans- 
formers being delta-connected on both primary and secondary 
sides. 

Fig. 4 gives the kilowatt losses of this three-phase line(153.5 
miles long) in function of the voltage between conductors at the 
power house. 

The voltage was varied by regulating the excitation of the 
alternator and the measurements were taken on the low-tension 
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side of the step-up transformers as follows: First, the trans- 
formers alone were connected to the generator, and the trans- 
former losses recorded at a certain voltage; Second, the line was 
connected to the high-tension terminals of the transformers and 
the loss measured at the same low-tension voltage. 

The difference between the.two readings gave the total line 
losses, $.е., the sum of ohmic, corona and insulator losses. This 
simple method of measurement is subject to criticism, but it 
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was followed as the only one available, as there was neither time 
nor opportunity to procure special apparatus or to provide 
elaborate arrangements. 

As Fig. 3 shows, the currents were measured through a series 
transformer. This introduces an error into the measurements of 
the kilowatts, which amounts to 1.5 per cent at 100 kilovolts. 
Oscillograms of the e.m.f’s. and currents were taken, and practi- 
cally sine waves were obtained in every case. The waves of the 


1911) FACCIOLI: TESTS ON LINE LOSSES 103 


generator e.m.f. were identical whether the transformers only 
were excited, or both the transformers and line were energized, 
and therefore the results may be considered accurate enough 
to substantiate the conclusions which follow and which are more 
qualitative than quantitative. 

It must also be noted that since the low-tension side of the 
transformer was delta-connected, the triple frequency component 
of the exciting current was circulating in the delta and did not 
affect the ammeter readings and oscillograms of current. 

Fig. 5 gives the e.m.f. and current energizing the Shoshone- 
Denver three-phase line. The record is taken at the generator 
end of the line at Shoshone according to the connections shown 
in Fig. 3. The voltage corresponds to 91.5 kilovolts between 
line conductors, and the current 15 1080 amperes flowing in the 
generator windings. қ 

In Fig. 4, curve A shows the charging current of the line and 


^Y \ 


FIG. 5 


curve B gives the total losses measured at different voltages, that 
is to say, the line losses plus the transformer losses. Curve C 
gives the corona and insulator losses, i.e., the losses remaining 
after the ohmic and the transformer losses have been subtracted 
from the total measured losses. 

The following table gives an idea of the relative importance 
of the transformer losses and line losses. 


| Kilovolts Transformer Corona and 
| at Shoshone losses insulator losses | 


| 80 24 109 
| 90 36 341 
| 95 43 598 
100 52 1003 
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At 100 kilovolts, which is about the operating voltage of the 
system, the line losses under these conditions are 1000 kilowatts. 
Thus the operation of this system at 100 kilovolts would appear 
impracticable. However, when the system is loaded and in 
normal operation the line losses fall to small values, well within 
the limits of economical operation. The explanation of this 
phenomenon is obvious. 

When the line is unloaded the voltage, which is 100 kilovolts 
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at Shoshone, increases along the line, until at the far end of the 
line, at Denver, it is more than 10 per cent higher than at Sho- 
shone. | 

The voltage at Denver could only be measured by connecting 
step-down transformers at Denver and measuring the potential 
on their low-tension side. Of course, the case of the open line 
is different as the exciting current of the step-down trans- 
formers, flowing through the line, modifies the conditions. 
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With two 2500-kw. transformers connected at Denver in 
open delta it was found that with 90 kilovolts at Shoshone the 
voltage at Denver was 100 kilovolts. 

Hence the majority of the 1000 kw. measured when 100 kilo- 
volts were held at Shoshone, were concentrated at the far end 
of the line, where the voltage was above 110 kilovolts. 

As a proof of this the section of the line from Leadville to 
Denver was disconnected at Leadville and the three-phase losses 
of the section Shoshone-Leadville (63.5 miles, 102 km.) were 
measured, following the same method described above. Fig. 6 
gives the results of these last measurements. 

Curve A gives the charging current of the line. 

Curve B the total losses (corona, ohmic, insulator and trans- 

former losses) in rainy weather. 

Curve C the total losses (corona, insulator, ohmic and trans- 

former losses) іп drv weather. 

Curve D the corona and insulator losses deduced from curve B. 

Curve E the corona and insulator losses deduced from curve C. 

The following table deduced from curve C of Fig. 4 and curve 
D of Fig. 6 gives the losses of the line from Shoshone to Denver, 
the losses of the section from Shoshone to Leadville and the 
difference between the two values: 


Kilowatts Shoshone 
to Leadville Difference 


Kilovolts at Kilowatts Shoshone 
Shoshone to Denver 


80 109 ^ | 10.6 08.4 
90 341 | 37.9 303.1 


100 1003 B 152. 851 
[3 


“It follows that at 100 kilovolts Е held at Shoshone 63.5 miles 
(102 km.) of three-phase line give a loss of 150 kilowatts, but 
when 90 additional miles (27.4 km.) are connected at the end of 
this section, bringing the total length of line to 153.5 miles 
(247 km.), the losses become 1000 kw., i.e., adding 90 miles 
(27.4 km.) of line introduces a loss of 850 kw. 

The average atmospheric conditions for the tests óf curve B 
Fig. 4 are 


Barometric ргеззиге.......................23.8 іп. (604.5 mm.) 
Temperature dry thecmometen. сы е deg. fahr: 
Relative Bomid yorsa ad an ed pu ES 87 percent 


These measurements were taken at Shoshone and therefore 
they represent the atmospheric conditions at one point of the 
line only. 
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For curve B of Fig. 6 the atmospheric conditions were the 
same as before while for curve C Fig. 6 the conditions were 


Barometric pressure.. 2.................24іп. (609.5 mm.) 
Temperature dry thermonicter We ue Ravers 55 deg. fahr. 
Relative һипиЧйшу........................ 45.5 рег cent 


The difference between curve В and curve С is due to Ше 
fact that while curve B was taken in rainy weather the measure- 
ments of curve C were obtained in dry weather. 

Although the Shoshone-Leadville tests- were taken on a 
section of line 63.5 miles (102 km.) long, still the curves of Fig. 6 
cannot be used to determine the critical voltage or the law which 
connects losses to kilovolts, because the voltage at the far end of 
the line is higher than the voltage at the power house and because 
of the different altitudes through which the transmission line 
runs. For this reason some experiments were conducted on 
the Denver-Boulder section of the system. 

The distance between Denver and Boulder is 27.6 miles (44. 4 
km.) and the line runs at an average altitude of 5300 ft. (1615 m.) 
The conditions of the majority of the tests were as follows: 

The main line from Shoshone to Denver was energized under 
normal conditions. The voltage at Denver was stepped down 
from 100,000 volts to 13,200 volts and power. was delivered at 
this voltage to the 13,200-volt bus bars at Denver. The low- 
tension winding of a 2,500 kw., single-phase, step-up transformer 
was connected to these bus bars, and the high-tension winding 
energized two of the conductors of the three-phase line from 
Denver to Boulder. Different voltages were obtained by using 
different ratios of transformation or different combinations of 
step-down and step-up transformers. Fig. 7 is a sketch of the 
connections used. 

The method of measurement was the same as the one employed 
at Shoshone, with the difference that the wattmeter was not 
used through a series transformer but its current coil was con- 
nected directly in the 13,200-volt circuit. This climinates the 
error due to the phase displacement introduced by the current 
transformer. The potential coil of the wattmeter was, however, 
energized through a potential transformer. 

Fig. 7 shows how the conductors of the Denver-Boulder line 
are transposed. In these tests two conductors only were ener- 
gized, and the potential of the third conductor, measured by 
electrostatic voltmeter, was zero in every instance. 

The measurements were taken for a period of two weeks 


1911) FACCIOLI: TESTS ON LINE LOSSES 107 


during which the barometric pressure varied from a minimum 
of 24.1 in. (612 mm.) to a maximum of 24.7 in. (627 mm.); the 
temperature varied from 49 deg. to 74 deg. fahr. and the relative 
humidity from 21 to 35 per cent with an average of 29 per cent. 
These values were measured at Denver. It was found that 
readings taken on different days were not affected by humidity, 
for which, therefore, no correction was made. Also no correction 
was made for the slight difference in barometric pressure and 
temperature. 

The results regarding humidity obtained in Colorado cor- 
roborate the tests taken in Pittsfield, where an apparatus, con- 
sisting of a rod parallel to a plate, was tested for corona during 


BOULOER 


13,200 VOLT DUG BARS 
DENVER SUBSTATION 


Fic. 7 


the period of a month. The voltage at which luminous corona 
appeared remained constant although the vapor product varied 
from 0.36 to 1 and the relative humidity from 43.5 per cent to 
78 per cent. The barometric pressure varied between 28.7 in. 
(729 mm.) and 29.2 in. (742 mm.). 

The Pittsfield tests prove that vapor product has no influence 
on the visual critical voltage of corona and in the Colorado tests 
no influence of the vapor product on line losses could be de- 
tected. "This last point, however, cannot be definitely settled 
without further investigation in different seasons of the ycar and 
under more widely varying climatic conditions. 

Oscillograms of e.m.f. and current were taken at different 
voltages and it was found that the shape of the wave of the 
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e.m.f. remained constant throughout the tests. Fig. 8 15 a 
representative oscillogram, and gives the voltage applied to the 
low-tension side of the transformer which energized the line, and 
the current flowing through the low-tension side of the trans- 
former. This current was taken through a current transformer, 
and 1s the algebraic sum of the charging current of the single- 
phase line at 87 kilovolts and of the exciting current of the step- 
up transformer at the same voltage. The current is 31.53 am- 
peres. The analysis of the current wave gives the following 
results: 
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The third harmonic is introduced by the magnetization of 
the transformer, and the fifth and the seventh are emphasized 
by line capacity. 

The curve of Fig. 9 gives the losses of 27.6 miles (44.4 km.) of 
single phase line (sec Fig. 7), the conductors being No. 1 B. & 5. 
copper cable, 124 in. (3.14 m.) apart for two-thirds of the distance 
апа 248 in. (6.28 m.) for the remainder of the distance. Trans- 
former and ohmic losses were subtracted from the total readings 
and the ordinates of the curve are the corona losses of the two 
conductors plus insulator losses. 

An attempt was made to separate insulator losses from corona 
losses but the insulator losses (which were measured in dry 
weather only) were so small that no definite measurement of their 
value could be obtained, and they аге neglected in the following 
discussion. 
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The voltage at the Boulder end of the line was measured by 
connecting a step-down transformer at Boulder and reading 
the voltage on the low tension side of this transformer. The 
voltage at Boulder resulted 2 per cent higher than at Denver. 

Since the power factor of the readings was very low it was 
considered advisable to raise this power factor by using an arti- 
ficial load (a water box) in multiple with the low-tension winding 
of the step-up transformer which energized the line. The 
measurements were taken as follows: 

The transformer only was connected to the system and read- 
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ings taken, then the line was connected to the transformer and 
readings taken at the same voltages as before. The difference 
between the kilowatts in the two cases gives the total losses of the 
line. Additional measurements were made, first, with the 
transformer and auxiliary load; second, with the transformer, 
auxiliary load and line. Тһе utmost care was taken to keep the 
auxiliary load constant during these two sets of measurements. 
The introduction of the auxiliary load praved unnecessary as 


the results obtained with and without the extra load were the 
same, 
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In order to find an equation representing the curve of losses 
the following method was adopted. Тһе points of the curve 
were plotted on logarithmic paper, using the logarithms of the 
kilowatts in function of the logarithms of the kilovolts, and the 
logarithms of the kilowatts in function of the kilovolts. Тһе 
results were not satisfactory. Then the curve was differentiated, 
in order to obtain a preliminary idea of its form. 

In the following table the first column gives the value of the 
kilovolts (abscisse) taken at a constant interval of 2.5 kilovolts; 
the second column gives the kilowatts (ordinates) corresponding 
to the kilovolts of column 1. Column 3 (A kilowatts) gives the 
difference between consecutive values of column 2 and therefore 
represents the differential of the kilowatts. If the values of 
column 3 are divided by 2.5 (A kilovolts) the quotients аге the 
derivatives of the kilowatts with respect to the kilovolts. Column 
4 gives the kilowatts corresponding to the values of kilovolts 
mid-way between the values given in column 1. Column 5 
gives the ratios between the values of column 3 and the values 
of column 4. 


I | II II IV | у 


| А kilowatts 
Kilovolts Kilowatts А kilowatts 
Kilowatts 
122.5 | 52.4 
5.4 49.7 0.1085 
120 i 47 
| 5.2 44.4 0.117 
117.5 41.8 
5.1 39.3 0.127 
| 115. | 36.9 
i 4.8 34.45 0.139 
; 112.5 32.1 >- 
| 4.6 29.8 0.15 
110 27.5 | 
| 4.4 25.3 0.174 
107.5 23.1 
| 4.3 21 0.204 
105 18.8 | 
3.8 | 16.8 0.226 
102.5 15 | 
| 3.3 13.2 0.25 
100 11.7 | | 
2.2 10.6 | 0.208 
97.5 9.5 | 
1.5 8.7 0.175 
95. 8 
1.2 7.4 0.162 
92.5 6. 
0.6 6.6 
90 6. | 
f 0.6 5.9 
87.5 5. 
| 0.6 5.3 
85 5. | 


In curve A Fig. 10 are plotted the values of column 3. At 
107.5 kilovolts, the curve of the differentials changes sharply 
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its direction and form. Above 107.5 kilovolts curve A is а 
straight line, hence the law giving the kilowatts in function of | 
the kilovolts (above 107.5 kilovolts) is represented by a quad- 
ratic equation. Below 107.5 kilovolts curve A is identical in 
form to the integral curve of Fig. 9, showing that the law giving 
the kilowatts in function of the kilovolts below 107.5 kilovolts 
is represented by an exponential equation. 

Between 97.5 and 107.5 kilovolts, we may assume that the 
values of column 5 are constant and equal to the average value 
0.222. 

The exponential equation is of the general type kw. = 
Ae? (kv.-C) where e is the base of the Naperian logarithms, 
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A and B are constants and C is also constant and is the critical 
voltage at which the exponential law begins. 

The above table shows that C is equal to 97.5 kilovolts. 

B is the ratio between the values of the derivatives and the 
values of the ordinates of the integral curve and is equal to 


0.222 
2.5 
| А represents the losses at the critical voltage (97.5 kilovolts) 
1.6., 9.5 kilowatts. 
We conclude that between 97.5 and 107.5 kilovolts the ex- 


= 0.089. 
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ponential law which gives the kilowatt losses in function of the 
kilovolts is kw. = 9,560-089 (kv. - 97.5). The following table gives 
the values of the losses calculated with the above equation 
and the values of the kilowatts deduced from the curve of Fig. 9. 


Kilovolts | Calculated kilowatts Tested kilowatts | 


110 Е 28.8 27.5 | 
107.5 | 23.1 | 23.1 
| 105 | 18.5 | 18.8 | 
109.5 | 14.8 | 15 | 
100 | 11.84 | 11.7 | 
97.5 | 9.5 | 9.5 
95 | 7.61 | 8 
90 | 4.89 | 6.2 


As had been anticipated, the test points agree with the points 
given by the exponential law between 97.5 and 107.5 &ilovolts. 

This is shown again in Fig. 11 where curve A is the graphical 
representation of the exponential equation. It would not be 
unreasonable to admit that the law controlling the losses in 
function of the kilovolts changes sharply at a certain definite 
point, and the phenomenon may be explained by the hypothesis 
that the diameter of the conductors increases, due to corona, 
up to a certain limit, after which the diameter remains constant 
and the losses follow a different law. 

However, it is impossible to draw conclusions of this nature 
from the study of one curve only and furthermore it is not ad- 
visable to rely upon results derived from the differential of a 
function, because a large variation in the slope of the curve may 
correspond to a small variation in the ordinates of the integral 
curve. | 

Now, curve А of Fig. 10 is a straight line above 107.5 kilovolts 
and from the constants of this straight line it is possible to derive 
the quadratic law which gives kilowatts іп function of kilovolts. 
But on account of the uncertaintv regarding derivatives of 
functions, as explained above, a different method was used. 
This method consists in plotting the square root of the kilowatts 
in function of the kilovolts. Curve B of Fig. 10 was thus ob- 
tained. 

Тһе upper part of this curve is a straight line down to a point 
corresponding to 97.5 kilovolts and it is remarkable that this 
is the same voltage at which the exponential law starts. Тһе 
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quadratic law has the general form kilowatts = D (kilovolts— Е)?, 
in which Е is the voltage at which the upper straight line of 
curve В, Fig. 10, cuts the axis of abscisse, namely, 80 kilovolts. 
D is readily figured from any point of the loss curve and the 
equation becomes kilowatt®= 0.0306 (kilovolts — 80)?. This 
equation is represented graphically in curve В of Fig. 11. The 
tested points check fairly well with the quadratic law above 
97.5 kilovolts and the exponential law appears unnecessary. 
These results show the necessity, of a clear understanding as 
to the method of determining the so-called “critical voltage ”. 
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In this case 97.5 kilovolts is а “ critical voltage ” because above 
this point the curve of losses follows a definite law different from 
the law followed below this point; 80 kilovolts is also a “ critica 
voltage " as shown by the quadratic equation. - 

These voltages are different from the critical voltage which 
would be obtained by following Mershon's method, according 
to which no definite law is applied in determining the point 
at which the lower and upper limb of the curve meet. Following 
Mershon's method we should judge that the critical voltage in 
this case is 92.5 kilovolts. 
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It appears that 80 kilovolts is in this case the most definite 
voltage which can be called “ critical " апа if the results of other 
experiments will confirm this conclusion it is advisable to call 
“ critical voltage " the voltage at which loss, as pen by the 
quadratic equation, begins. 

Ап attempt was made to find the critical voltage which should 
be expected in this case using the data published by Mershon in 
the TRANSACTIONS of the A. I. E. E., 1908. Fig. 39 of Mershon's 
paper shows the relation between the critical voltage and the 
distance between conductors, for different sizes of conductors. 

The law which gives the critical voltage at which corona ap- 
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pears in function of the diameter of the conductors and the 
. р ; 
distance between conductors is V = M r log PE where M is а 


constant depending upon the barometric pressure and tempera- 
ture, D is the distance between the centers of the conductors, 
r the radius of the conductor. А glance at the curves of Fig. 12 
(which are a reproduction of the curves of Fig. 39 of Mershon's 
paper) shows that the above law docs not hold іп this case. In 
fact, the increase in critical voltage due to an increase in spacing 
of the conductors 15 constant, and therefore independent of the 
radius of the conductor. 
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For solid conductors the curves of Fig. 12 are represented by 
the equation V = 36.7 logia D — 700d log,, d — 90, where D is 
the distance between conductors in inches and d is the diameter 
of the conductors in inches. This is a rather surprising result 
as the theoretical equation may be written as follows: 


V = MdlogD— Ndlogd+P 


М, № and Р being constants. With the exception of the first 
term this theoretical equation agrees with the equation repre- 
senting the curves of Fig. 12. 

The constants in the case of stranded conductors have not 
been worked out but by using the curves of Fig. 12 and inter- 
polating we find that the critical voltage for No. 1 B. & S. cables 
(124 in. apart) is 106 kilovolts. 

The curves of Fig. 12 refer to a barometric pressure of 29.5 in. 
(750 mm.) while the tests of the Denver-Boulder line were taken 
at an average pressure of 24.6 in. (614.7 mm.). We should then 


expect a critical voltage of the Denver-Boulder line of 106 2:6 


= 88.5 kilovolts, instead of 92.5 as given by the curve of Fig. 9. 

That the critical voltage is proportional to the atmospheric 
pressure is generally admitted.’ However, the opportunity 
presented itself to repeat at Leadville (altitude 10,500 ft’, 
3,200 m.) some simple corona tests, which were performed a 
year before at Pittsfield and are described in the paper by Mr. 
Moody and the writer published in the TRANSACTIONS of the 
А. I. E. E., 1909. 

Brass rods of different diameter were suspended parallel to 
а plate at a distance of 12 in. (30.4 cm.) between the center of 
the rod and the plate, and the voltage at which visible corona 
appeared was recorded. 

Utmost care was taken to reproduce in Leadville the identical 
conditions under which the tests were taken at Pittsficld, and 
oscillograms of the e.m.fs. in both cases gave sine waves. The 
following table gives the results obtained at Pittsfield and Lead- 
ville and the ratios between ше two critical Oe 


E 
| Diameter of rod Kilovolts at Pittsfield Kilovolts at Leadville Ratio | 


Te ee 


і іп. | 38 29.6 | 1.28 
l^" mE 57 | 45 1.27 
ES 75 57.2 1.31 
ы | 90.7 66.6 1.36 
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The barometric pressure.was 29 in. (736 mm.) at Pittsfield 
and 20.2 in. (513 mm.) at Leadville. The temperature was 
59 deg. fahr. at Leadville and 80 deg. fahr. at Pittsfield. 


{ | 5 
The correction coefficient suggested by Ryan 15 594 Ti 


where 0 15 the barometric pressure in inches and / is the tem- 
perature in degrees fahr. Using the values of pressure and tem- 
perature corresponding to the tests at Leadville and Pittsfield, 
Ryan's formula gives as ratio between the two critical voltages 
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1.38. The complication introduced in the measurements by the 
temperature makes it impossible to reach any conclusion as to 
the exact influence of altitude. 

Some spark tests were also taken at Leadville and the results 
are plotted in Fig. 13. "These tests were taken between sharp 
needle points, and the A. I. E. E. rule of keeping a distance 
twice the length of the gap between the gap itself and the nearest 
object, was strictly observed. The experiments were performed 
in the Leadville substation of the Central Colorado Power Com- 
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pany at an altitude of 10,500 ft. (3,200 m.). In Fig. 13 are plotted 
the original points taken on three ‘different days. The tests A 
were taken under the following atmospheric conditions: 


Barometric ргеввиге....................... 20.2 in. (513 mm.) 
Temperature...) сон араак? 64.5 deg. fahr. 
Relative һшштісйіу........................ 22.5 per cent 

For the tests В 
Barometric ргевзиге.......................20.14іп. (510.5 mm.) 
TOBIDOPREUTO uS doeet еш qe os 56.5 deg. fahr. 
Relative һитїййүу........................ 45.5 рег сеп% 

and for the test С 
Barometric ргеввиге....................... 20.15 in. (512 mm.) 
Temperature.. RARE au Т о haod pep deg Pale. 
Relative humidity: dom Ее .43 рет cent 


In Fig. 13 the КЕШТЕ сигуе soi the А. т. Е. Е. is plotted so 
that the two curves may be compared. 

Some three-phase tests were also taken on the Denver-Boulder 
section but they could be performed at one voltage only. 

At 84.5 kilovolts between conductors the corona and insulator 
losses of the three-phase line were 20.7 kw. It is interesting to 
compare this value of the three-phase losses with the value of the 
single-phase losses at the same voltage to ground. The voltage 
to ground is 49 kilovolts and the single-phase losses for 98 kilovolts 
between conductors are 10.5 kw. For the same voltage to 
ground, the three-phase losses are then practically double the 
single phase losses, but it must be remembered that the three- 
phase losses were measured on 27.6 miles (44.4 km.) of line as 
represented in Fig. 3, while the single-phase line experimented 
upon consisted of two conductors 124 in. (3.14 m.) apart for a 
distance of 18.4 miles (29.6 km.) and 248 in. (6.28 m.) apart for 
the remaining 9.2 miles (14.8 km.). | 

The high corona losses shown by these tests аге of theorctical 
interest only, as they do not affect the economical operation of 
the system. However, this investigation although limited and 
incomplete, points to the danger of corona losses assuming pro- 
hibitive values should any greatly increased operating voltages 
be attempted. Therefore, in addition to the further investiga- 
tion necessary to establish the law Юг losses on transmission 
lines and for the critical voltage of corona, 1t would appear that. 
there is a field for considerable thought and experiment along the 
line of developing some efficient means of limiting the losses to 
permissible values. 
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THE TEMPERATURE GRADIENT IN OIL IMMERSED 
TRANSFORMERS 


BY JAMES MURRAY WEED 


High temperatures are objectionable in transformers for 
severalreasons. The first of these is their effect on the insulating 
materials, which are subject to gradual deterioration at tempera- 
tures of about 100 deg. cent. and to rapid destruction at tem- 
peratures greatly in excess of that figure. А second reason, 
which is not nearly so important, but nevertheless a valid objec- 
tion, is their effect upon copper loss, which increases about 10 per 
cent with an increase of 25 deg. cent. іп the temperature. Ап- 
other reason, with oil-insulated transformers, lies in the effect of 
high temperatures upon some oils, in the deposition of solid hydro- 
carbons. "This forms a coating on the surface of the coils and 
core, and clogs the ducts, thus increasing the temperature in the 
windings. Тһе temperature at which this process begins de- 
pends upon the character of the oil used. А fourth objection 
to high temperatures existed formerly in the aging effect of 
temperatures exceeding about 70 deg. cent. upon the iron used 
in the core, thus increasing the core loss. This objection does 
not exist in connection with the present improved steel, which is 
non-aging. 

With respect to the effect of high temperature upon the insu- 
lating materials, it is the point in the windings where the tem- 
perature is maximum that is important. This temperature 
may be considerably higher than the average temperature, 
which is measured when the transformer is tested. And again, 
with respect to the deposition of solid hydrocarbons, this depends 
upon the maximum temperature to which the oil is subjected at 
the immediate surface of contact with the coils or core, rather 
ee БЕ ыт ee ы oe ee 
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than upon the temperature which is measured at the top of the 
oil. 

A knowledge of the distribution of tempcrature throughout 
the transformer, and of the various things which affect this 
. distribution, is important from the standpoint of those who use 
transformers, to enable them, for instance, to judge from the 
average temperature rise of the transformer windings, or better 
still, from the temperature of the oil at the top of the transformer, 
what may be the maximum temperature rise 1n the windings. 
Such a knowledge is important from the standpoint of the de- 
signer, to enable him to adopt those conditions which are most 
favorable to cooling, avoiding an unequal distribution of tem- 
perature, and obtaining the minimum temperature rise for a 
transformer of given cost and rating. Stating the case dif- 
ferently, it will enable him to build a transformer of a given 
rating, and with given tempcrature rise, at the minimum cost. 

The general subject of temperature rise in transformers has 
received much attention, which may be said to fall in three 
classes. "The first class may be termed the statistical method 
of investigation. By this method the temperature rise, as de- 
termined by test, is recorded without particular reference to 
details of design. In effect, transformers are looked upon as 
reservoirs of heat, all the resistance to its escape existing іп two 
uniformly distributed layers, the one being at the surface of the 
transformer, and the other at the surface of the tank. From the 
results of the test, rules are laid down for the designer, based 
upon the watts per square inch at each of these surfaces. Owing, 
however, to variations in design which affect the temperature 
rise, but are not taken into account, these rules are not always 
safe. It thus happens that occasionally transformers are built 
which exceed their temperature guarantees. Оп the other 
hand, many transformers are built which operate cooler than 15 
required, and since temperature rise is what really limits the 
capacity of a transformer, the actual capacity is usually more 
or less than that which was intended. The knowledge of tem- 
perature rise gained in this way applies reasonably well to 
standard types, but may be of little value for estimating the per- 
formance of a transformer which is a radical departure from 
standard practice, and is of no use for determining what will be 
the most economical design when considering new types. Nor 
does it at all tell us what are the maximum temperatures reached 
in the windings of a given transformer. 
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In the second class of investigation, much work has been 
done in testing different methods of cooling, under specific con- 
ditions, and comparing results from definite changes in these 
conditions. Much valuable information has been gained in this 
way as to the relative merits of the definite combinations of 
conditions tested. Such tests are made upon complete trans- 
formers, and the number of combinations of conditions tested 
is therefore necessarily limited to those existing in available 
transformers. The significance of such tests is often lost from 
the fact that several conditions existing in a given transformer 
may be different from those existing in any other transformer 
with which it is compared. If such a system of investigation 
were continued indefinitely, it 1s possible that ultimately the most 
economical design from the standpoint of cooling might be ar- 
rived at, but it would be at very great cost in '' development 
work "—testing new ideas, making new designs, new standard 
lines of parts, ctc., and this method also would never tell what is 
the maximum temperature іп the windings. 

À third class of investigation is that which undertakes, by a 
study of the laws of cooling, to formulate a correct theory 
applicable to the general case, which will indicate once for all that 
combination of conditions which is most favorable to cooling, 
and enable one to say with considerable accuracy not only what 
will be the average temperature rise іп any given case, but also 
what will be the maximum rise. Some very praiseworthy efforts 
have been made in this direction, but the field to be covered is 
large, and in order to attain that degree of success which is de- 
sirable such а study must go hand in hand with experimental 
work. Tests on complete transformers will not answer for 
this purpose, but experiments must be specifically designed to 
answer the questions involved, separating as much as possible 
the feature under consideration from all other influences. It is 
necessary to make a separate study of cach step in the tempera- 
ture gradient, determining first what conditions affect it, con- 
sidered alone, and then how it is related to all the other steps. 
Though a large amount of experimental work and study will be 
involved in such an investigation, nevertheless it will be the 
cheapest and most satisfactory method for obtaining the desired 
information. Тһе investigation may be limited, moreover, to 
those conditions and combinations of conditions which are 
practicable of application in transformer construction, when 
all other requirements than those of temperature rise are con- 
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sidered, and to those which it is thought may conduce to econ- 
omy. 

This paper relates to the third method of investigation de- 
scribed above, and though it will be impossible, at this time, 
to give the subject complete treatment, what follows is an 
effort to properly outline it, as a basis for discussion and a 
foundation for future work. 

In passing from the hottest part of the transformer coils, 
or core, to the finai cooling medium, for an oil-immersed trans- 
former, the temperature gradient may be considered in seven 


parts, as follows: 
1. From the hottest part of the coil to its surface, within the 


insulating covering, if the coil is covered. 

2. Through the insulating covering on the surface of the coil 
to its outside surface. 

3. From the surface of the solid insulating covering, or coil, 
into the adjacent oil. 

4. Through the oil from a point adjacent to the coil, to a 
point adjacent to the tank for a self-cooling transformer, or to a 
point adjacent to the cooling coil for a water-cooled transformer. 

5. From the oil to the metal of the tank or the cooling coil. 

6. Through the walls of the tank or the cooling coil. 

7. From the external surface of the tank to surrounding air, 
or from the inner surface of the cooling coil into the water. 

These different steps cannot, however, be looked upon as 
definite, since the range of temperature occurring in any given 
step may have a wide variation for different parts of the same 
transformer. This condition, together with the difficulty in 
tracing the paths of heat discharge. and our lack of complete 
knowledge of nature's method of transferring heat, complicate 
the whole problem. 

The difficulty of this problem may be better understood if 
we compare it with the related one of the distribution of electric 
potential throughout the insulating materials of the transformer. 
The electrostatic flux and potential 1n the one case are analogous 
to the heat flow and the temperature respectively in the other. 
In the problem of the distribution of potential, the potential of 
every portion of the windings is arbitrarily fixed. In the problem 
of the distribution of temperature the temperature of the wind- 
ings is not fixed but must be determined. Іп this case the total 
heat flow is fixed. "The difficulties of the potential problem, 
owing to irregular distribution of the electrostatic flux, is pretty 
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generally understood. . In the thermal problem we find similar 
difficulties, owing to the irregular distribution of the flow of 
heat. We have here, also, the added difficulty of the disturbing 
effect of convection currents and eddies, in the oil, and in the 
air, or the water, which not only modify the distribution of any 
given flow of heat, but also change the distribution when the 
rate of heat discharge changes. We have also another com- 
plication due to the fact that the flow of heat does not originate 
at the surface of the coil, but throughout its substance. This 
distributed origin of the heat, together with the distribution of 
thermal resistance found within the coil, affect the distribution of 
heat flow on the surface of the coil, and so affect the temperature 
distribution outside of the coil as well as inside. 

It will be understood then that with this problem, even more 
than with the one of potential distribution, any theoretical 
treatment must be based upon simplifying assumptions, which 
are more or less at variance with the actual conditions of any 
particular case. For certain ideal sets of conditions these 
assumptions will apply approximately. Here the subject is 
susceptible of rational treatment, and the only experimental 
work required is that which is necessary for checking the theory 
and for determining the constants involved. In general, how- 
ever, good judgment must be used in applying the rational treat- 
ment, and this can be obtained only by that close relationship 
between theoretical treatment and experimental. work indicated 
above. On the one hand, theory will act as a guide in outlining 
the experiments, and on the other hand judgment in applying 
the theory, and assistance in modifying it to more nearly fit the 
conditions, will be obtained from the tests. 

Within the range of the temperature gradient of which the 
Various steps are outlined above, radiation, conduction and 
convection are all involved. It is necessary therefore to give 
distinct consideration to these different means by which heat 
is transferred. 

Though much of the best talent for scientific investigation 
that the world has produced has been expended in the investiga- 
tion of this subject, the difficulties are so great that the laws 
of cooling are not yet thoroughly understood. Тһе law of 
direct proportionality between heat flow and temperature dif- 
ference holds in the case of conduction only, and even here it is 
complicated by the fact that changes in temperature affect the 
thermal resistance of materials as well as their electrical re- 


124 WEED: TEMPERATURE OF TRANSFORMERS |[Feb. 14 


sistance. This effect may probably be ignored however for the 
temperature ranges involved in transformer cooling. 

The transfer of heat by conduction occurs alone in the Ist, 
2nd, and 6th steps of the temperature gradient as outlined above, 
and in conjunction with convection in the 3rd, 5th and 7th. 
Where conduction operates alone, the temperature drop in the 
direction of the heat flow is expressed in terms of the product of 
the density of the heat stream, the specific thermal resistance of 
the material and the length of the path considered. The units 
used in this paper are, respectively, watts per square inch, 
degrees cent. per mil and per watt per square inch, and mils. 

Radiation appears 1n our problem in the transfer of heat from 
the tank to the walls of the room, or surrounding objects, and 
also to some extent from the coils and core to the tank, since the 
diathermacy of oil is probably somewhere between 25 and 30 per 
cent. Inthe former case it acts, so to speak, as a shunt to step 7, 
and in the latter as a shunt to steps 3, 4 and 5, of the temperature 
gradient. 

For radiation, according to the Stefan-Boltzmann law, the 
relation between temperatures and heat emitted is expressed 
by the equation: 


К -К(Т,4- T) 


where R is the rate of heat emission, Ті апа Т; are the absolute 
temperatures of the cooling body and its surrounding objects 
respectively, and K is a constant, the value of which depends 
upon the units used. If R is expressed in watts per square inch 
and Т, and 7% in degrees cent., the value of К 15, for the the- 
oretical black surface, 3.425 107". 

This law applies accurately only to the black surface, and 
would lead to large errors if applied to surfaces which radiate 
poorly, over wide ranges of temperatures. It will probably 
apply with sufficient accuracy however, over the ranges of tem- 
perature in which we arc interested, if we have the proper values 
for K to apply to the different kinds of surface. By substitution 
in our formula of the results from Peclet’s experiments for the 
heat radiated from the surface at 100 deg. cent. to its surround- 
ings at 0 deg. cent., we obtain the following values: 


Ordinary ЫН ПОПЕ ева нк eer drip gp etal: 2.275 X10" 
Sheet mron БОПЕЛЕЙ; 5255 ауру аза ans ey a асын 0.189 x10! 
INOW CASUATONG I A Su лын еки Ый ри qood 2.61 x10! 


Каз ко aes She ee aces EE RS ir 2.75 x10 
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ЕВ О: ЖОО! 
Lamp МасК........ UM ЕН САРЫН ТУ. NUM dE 
Pul radiation zona actos hé ode RUPEE eu eu eds 3.425 X10721 


In considering the effect of paint, although we have no very 
definite information, we may draw some general conclusions 
from the experiments of Melloni and others on comparative 
radiating power at 100 deg. cent., recognizing the fact that these 
figures are only approximate. Тһе following figures are found 
in text books on '' Heat." 


Limp ЕСЕ ли ий боры eA bier mes Et 100 

Mhie edd. e cs ex bes нае Е та 100 

Ivory, Jet moarblG от SS hh been wuchs 93 to 98 
eT ИА ЕЛЕКТЕР ТТТ! 

Indan HG оса А eoo Rer etos аным ыы OD 
о алы EE 17 
Polished. гав i deb а-и eae tenn ree ub - 
Polished. Уер а н на dares Ee Dad deas à 


For absorptive power the following figures are given: 


uri i сыы es сла ате — — ee —— —— ae -- —+—-—— —_ ------ E 


| Hot water 
Copper Cb. 100 
Oil Incandescent 400 deg. deg 
| lamp ^| platinum | cent. cent. 
(1772777 
Lamp Басі................. ' 100 | 100 13 100 
| 1 | 
ЇпйапїпК.................. 96 | 95 | 85 
White bad о тоо га 53 56 100 
| м и ee | 48 47 70 72 
Metallic surface........... д 14 13.5 | 13 
РО ОНЕРИНЕ сыз энек ы йе жола. + 


—— —_ 


These figures indicate that the color of a pigment paint makes 
little difference at ordinary temperatures, although at high 
temperatures the lamp black radiation would be much greater 
than that, for instance, of white lead. ^ With a metallic paint, 
however, the radiation is considerably reduced. 

The importance of radiation in the cooling of transformers, or 
electrical apparatus in general, is often overlooked, as there 
seems to be a popular impression that radiation plays a small 
part as compared with convection. Take the case of an ordinary 
boiler tank, with plain surface, the total heat discharged by both 
radiation and convection, with a rise of 40 deg. cent., is ordi- 
narily about 0.25 watt per sq. in. (0.04 watt per sq. ст.). The 
value of K for the boiler iron tank, painted, is probably not less 
than 3Х10-и. The heat lost by radiation, if we assume the 
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temperature of the surrounding objects to be 25 дер. cent., is 


about: 
К = 3X107! (338! — 2084) 


= 0.151 watts per sq. іп. (0.023 watts per sq. cm.) 


This is about 60 per cent of the total heat emitted. This pro- 
portion does not hold, however for the corrugated tank, or tank 
with external radiating tubes. The increased cooling with a 
corrugated surface is due mainly to the increase in convected 
heat. The radiation is not increased at all except in so far as the 
external dimensions of the tank are increased, since the radiation 
in any direction is proportional to the projection of the tank 
upon a plane at right angles to that direction. 

With a constant room temperature of 25 deg. cent., the effect | 


RADIATION FROM BLOCK SURFACE 
WATTS PER SQUARE INCH 


TEMPERATURE RISE OF SURFACE ABOVE SURROUNDINGS AT 26 DEG. CENT. 


Fic. 1 


of temperature rise upon radiation, as expressed by the Stefan- 
Boltzmann law, is represented by the curve in Fig. 1, while 
the radiation for the temperature rise of 40 deg. cent., for dif- 
ferent room temperatures, is shown in Fig. 2. 

The action of radiation is somewhat complicated by the fact 
that, though dry air is perfectly diathermous, water vapor 1s 
not, so that a varying portion of the radiated heat is absorbed 
in the immediate neighborhood of the tank, depending in amount 
upon the density of the water vapor. Although this heat has 
been actually discharged from the tank, by raising the tempera- 
ture of the air in the immediate neighborhood of the tank, it 
affects the amount of heat which will be discharged by convec- 
tion. А similar action takes place in the oil in the immediate 
neighborhood of the coils and core. The shunting action of 
radiation referred to above is thus somewhat modified, since 
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a part of the heat radiated from the coils and core shunts step 
3 only. 

Convection plays a very important part in the cooling of 
transformers, by carrying the heat away from the tank, and by 
transporting it from the surfaces of coils and core to the tank, 
or to the cooling coil. Without convection the process of cooling, 
apart from radiation, would consist in the conduction of heat 
through the enormous thermal resistance of the mass of oil in 
the tank, and again, of the air outside of the tank. 

The third step in our temperature gradient ?пау be looked upon 
as one of conduction through a thin layer of oil, the thickness of 
this equivalent layer depending upon the velocity of the oil 
flow over the surface. This effect of velocity upon the thickness 
of the conducting layer may be the same, whether it be arti- 


r 


0.3 


WATTS PER SQUARE INCH 


RADIATION WITH TEMP. RISE OF 40 DEG. CENT. 


TEMPERATURE OF SURROUNDING OBJECTS — DEGREES CENT. 


Fic. 2 


ficially produced, as in forced circulation, or whether it be due to 
the unaided action of convection. With artificial circulation 
and a given rate of flow the thermal resistance of this step is 
constant, and the temperature drop through the conduction 
laver is directly proportional to the density of the heat stream 
in watts per square inch. When, however, the circulation is 
that due to convection alone, an increase in the amount of heat 
discharged will result in an increased velocity, and hence in a 
reduction of the equivalent thickness of the layer of conducting 
oil. The thermal resistance is thus reduced with increased 
heat discharge, so that the temperature drop does not increase 
in direct proportion to the watts per square inch, but is smaller 
in proportion as the watts increase. 

The action at the inner surface of the tank, or the outer 
surface of the cooling coils, step 5, is very similar to that of step 3, 
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the difference being that the heat flow is from the liquid to the 
solid instead of from the solid to the liquid. 

Now convection alone is concerned in the bodily transporta- 
tion of heat, in step 4, from the conductive layer on the coils 
or core to that on the cooling coils or tank. It is, moreover, 
as a physical fact, hopelessly involved with conduction in the 
third and fifth steps, and also in the seventh, in a manner which 
may be pictured in a gencral way by the imagination, but cannot 
be adequately expressed mathematically. Although it has 
been attempted to give this subject rational treatment, probably 
any such treatment must be based upon simplifying assumptions 
which are so far from the true conditions as to be of little value, 
and the subject can be most properly dealt with experimentally, 
adopting empirical formula when they are found to fit, but care- 
fully restricting them to those conditions for which they are 
devised. 

To take up the various steps in our temperature gradient 
more in detail, we will start from the hottest part of the coil, 
and consider the steps in order. 

If the cooling surfaces of the coil are parallel with the layers, 
the heat from the interior portion must pass from layer to layer, 
and there will be a temperature rise toward the interior of the 
coil due to the thermal resistance of the layer insulation. 

Let p = the thermal resistance per mil in thickness of one 
square inch of the layer insulation expressed in deg. cent. with 
one watt per square inch flowing. 

Let 1 = the thickness of insulation between layers in mils. 

Let 4 = the watts generated in one square inch of each layer. 

. Let п = the number of layers of conductors from the hottest 
part of the coil to its surface, whence 

n— 1 = the number of layers of insulation, if there is no 
layer of insulation over the outside layer. 

Now the temperature rise of the second layer from the out- 
side above the temperature of the first is q i p (n — 1), that of the 
third above the second, qi p (n — 2) etc., to the hottest layer, 
whose temperature rise above the one next to it 15 q? р. The 
temperature rise of the hottest layer above the temperature 
of the outside one 1s, therefore, 


п — п 
таз = 91р 2-- 
ж.с] 


йы Ed t 
а AU oe 


с n 
= qt'p(n— 1) 7 
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If the coil cools equally in both directions, or all in one direction, 
the average temperature rise of the coil above the temperature 
of the surface layer will be 


| 22-1 
tav = gt p (n— И 


If n is large, this is practically 


. n 
tv = qi p(n- 1) 2 


so that 


When л is small 
la> 2 L жаг: 


The values of p for ordinary layer insulating materials is 
about 0.3. ` That is, a temperature, difference of about 0.3 deg. 
cent. for each mil in thickness is required to force one watt per 
square inch through a layer of the material. 

The value of q at 25 deg. cent. is 

q = 0.6935 X10-* c s D? 


Ф 


where с = the thickness of the layer of conductors 5 = the space 
factor in the layer and D = the current density in amperes per 
square inch. 

At 75 deg. cent. this value would be 


а = 0.825X10-*cs D? 


If we substitute the value of 4 in the formule for temperature 
rise, inspection shows that the rise is proportional to the square 
of the current density, and to the thickness of the layer of con- 
ductors, and that it is approximately proportional to the square 
of the number of layers where the number of layers is largc, being 
grcater in proportion for smaller numbers of layers. 

If we consider the effect of changing the size of the conductor 
for a given transformer without changing its shape, or the num- 
ber of layers, we have: 


с = Const. X- Б 


130 WEED: TEMPERATURE ОЕ TRANSFORMERS [Feb. 14 


3 
whence the temperature rise is proportional to the — power of 


the current density. If the thickness of the conductor remains 
constant, its width in the layer being varied, the temperature 
rise is proportional to the square of the current density, since 
c does not change. If the width of the conductor remains con- 
stant, we have 


c = Const. x 


so that the temperature rise is directly proportional to the cur- 
rent density. 

If the cooling surfaces arc at right angles to the layers, the 
heat is discharged from turn to turn in the laver instcad of from 
layer to layer. Since the turn insulation is ordinarily much 
thinner than the layer insulation, the temperature rise within 
the coil, for given thickness and current density, will be much 
smaller in this case. It may be calculated in the same manner, 
but if the turn insulation be of cotton covering, the value of p in 
this case will be smaller since the thermal resistance of the im- 
pregnated cotton is smaller than that of the materials ordinarily 
used for laver insulation. 

The temperature rise of the outer layer of the coil above the 
temperature of the outer surface of the insulating covering de- 
pends upon the same principles as those controlling the tem- 
perature rise within the coil. This temperature rise is 


t—qipn 


Comparing this temperature rise through the insulating covering 
with the average temperature rise within the coil, for a coil 
with a large number of layers, it is seen that with an insulating 
covering of the same thickness as the layer insulation, and with 


| | C à 
the same specific thermal resistance, this rise 15 the- ith part of 


1 


the average interior rise. Thus the temperature rise through 
the covering is three times as great as the average interior tem- 
perature rise divided by the number of layers of insulation, or the 


1. : 
times as thick as the 


. . . м! М- 
insulating covering needs only to be 3 
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layer insulation to make the temperature drop from the outside 
layer through the insulating covering as great as the average 
rise of the coil above the temperature of the outside layer. 

The above discussion is based upon the assumption that the 
total heat flow is perpendicular to the cooling surface considered. 
This condition is approximately fulfilled in the case of a long 
cylindrical coil mounted vertically, the turns of the conductor 
being in a horizontal plane, although in this case the ends of the 
coil will be somewhat cooler, owing to the heat which passes 
out at the ends. Also, if the temperature of the oil adjacent to 
the top portion of the coil is much higher than at the bottom, 
there will be a tendency to transmit heat downward in the coil. 
The heat so transmitted will be small, however, since the thermal 
resistance is high as compared with the temperature difference 
in this direction. The most important result will be that the 
temperature of the top portion of the coil will be almost as much 
higher than the temperature of adjacent oil as that of the bottom 
portion is above the ой adjacent to it. This, of course, assumes 
that the equivalent thermal resistance from the coil to the oil is 
practically uniform throughout the length of the duct. The 
total average temperature of the coil is therefore related by the 
equations given, with sufficient approximation, not to the surface 
temperature at the bottom of the coil, but to a temperature 
Which is average for the entire surface, which may be con- 
siderably higher than that at the bottom; also, the maximum 
temperature at the top of the coil may be considerably higher 
than the maximum calculated by the formula from this average 
surface temperature, and should be calculated from the surface 
temperature near the top of the coil. 

We come now to the most difficult part of the whole problem, 
with natural oil circulation, namely, the distribution of tem- 
perature through the oil, from the solid surface of the coil to 
the surface of the tank, or cooling coil. The dependence of the 
equivalent thermal resistance from the surface of the coil to 
adjacent oil upon the velocity of the oil has already been pointed 
out. For a given velocity this resistance is constant, the tem- 
perature drop from coil to oil being directly proportional to the 
Watts per square inch discharged from the coil. This is true also 
of the temperature rise in the oil as it passes through the duct. 
Thus. with forced circulation, returning the oil to the ducts at a 
definite temperature, the whole problem is simplified, the only 
lacking element being a definite knowledge of the relation 


132 WEED: TEMPERATURE ОЕ TRANSFORMERS [Feb. 14 


between the equivalent thermal resistance at the surface of the 
coil, and the velocity of the oil. 

With natural circulation the oil flow is caused by the difference 
in temperature between the average temperature of the oil inside 
the duct and that of the outside oil, between the levels of en- 
trance to and exit from the duct. The head producing this 
circulation 1s | 


В = ү L (Ө. — ЖИ 

where "y is the coefficient of expansion of oil L is the length of the 
duct and да, and Ө” are the average temperatures inside the 
duct and outside the duct respectively, these temperatures being 
measured from the temperature at the bottom of the duct. 
This head is consumed almost entirely by friction, since the 
velocity head is negligibly small. If the friction of oil is directly 
proportional to the velocity, and inversely proportional to the 
length of the duct, we may write 


V = const. X Y L (Oav - Bar’) 
: L 


= const. ХУ (б = Oav’) 


If we call the specific heat of oil 0.434, and its density 0.875, 
the temperature rise of the oil during its passage through the 
duct, where heat is discharged into one side of the duct only, is 


6... = 91 


where 4 is the thickness of the duct. If heat is discharged into 
both sides of the duct this will be 


Substituting for V, this becomes 


WE Б. сынын се 
mez 13 X const. X y (бо- Oav’)d 
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For the cylindrical coil which turns in a horizontal plane, 
Bay = 1 Omar: 


If we have a diaphragm separating the oil in contact with 
the tank from that in contact with the outside coils of the 
transformer, the temperature of the oil adjacent to the tank, 
plotted up the side of the tank, will be a straight line, so that 


Bay’ == ба 


Now in order that circulation may occur ба)”, must be less 
than ĝa, whence Omar’ must be less than Ө„.:. This is ac- 
complished by the mixing of the hot oil leaving the duct with 
other oil which has been cooled by contact with the tank. We 
find that this mixing results in a practically uniform tempera- 
ture of oil from the top of the transformer to the top of the oil, 
which is practically the temperature 0,,,'. The result is that 
the difference between Ө „а: and Omaz’ tends to become greater, 
the greater the distance from the top of the transformer to the oil 
level, with a resulting increase in the velocity of circulation, 
which reduces the temperature drop from the coils into the oil, 
and results in a smaller value for both б, and 0,,.', although 
their difference is greater. The temperature at the bottom of 
the duct is raised, while that of the oil above the transformer is 
lowered. Whether or not the average temperature of the wind- 
ings will be lower for a tall tank than for a short one, with given 
average oil temperature, it is certain that the maximum tem- 
perature at the top of the coils and the temperature of the oil 
at the top of the tank will be lower, the temperature distribution 
being more uniform from bottom to top throughout the trans- 
former, 

If there is no diaphragm between the outside coils and the 
tank, the temperature of the oil adjacent to the tank, from the 
top of the transformer downward, will fall away less rapidly at 
` first, but will come down more rapidly with a curve toward the 
bottom. In this case 04,’ is greater than 3 0,,.'. and the 
velocity of circulation through the ducts will therefore be re- 
duced, causing a higher temperature rise in the oil passing through 
the ducts, and also a greater drop from the surface of the coil to 
adjacent oil. 

The effect of the thickness of the duct upon temperature rise 
Will be very different for forced circulation than for natural 
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circulation. With forced circulation a thin duct will be better 
than a thick one, since the resulting higher velocity of the oil 
will give smaller temperature drop from the surface of the coil 
to the oil. With natural circulation a thick duct will give 
practically the same condition as to temperature rise as that 
obtained on an external surface, the rise being less than for a 
thin duct. Thinning the duct does not, however, cause as great 
an increase in temperature rise as might be expected, up to a 
certain point, since, though the temperature rise of the oil while 
passing through will be greater, this temperature rise tends to 
produce a higher velocity, and hence to cause a smaller drop 
from the coil into the oil, as well as to reduce the net temperature 
rise іп the oil itself. When the duct becomes too thin, however, 
a point is reached where friction becomes serious, so that the 
curve of temperature rise in the windings, as the duct becomes 
thinner passes from a flat one to a steep one, probably with 
rather a sudden deflection. The economy of design resulting 
from the thin duct makes it desirable that the duct should be as 
thin as may be, and yet stop short of the steep part of this curve. 

The discharge of heat into the duct from both sides, as com- 
‘pared with its discharge from one side only, is an important 
matter in connection with cooling. It is found that with a duct 
of given thickness, if the heat is discharged into it from both 
sides, at a given density in watts per square inch, both the tem- 
perature rise of the oil while passing through the duct, and the 
tempcrature rise of the coil above adjacent oil, will be smaller 
than if the heat is discharged into one side of the duct only, at 
the same density. Thus twice the heat is carried away by the 
duct, with a smaller temperature rise. 

The smaller temperature rise of the oil while passing through 
the duct, though absorbing twice the heat, indicates that the 
velocity of flow 1s more than double, and this accounts for the 
reduced drop from the coils into the oil. "The great difference 
in velocity in the two cases is accounted for by the friction on 
the side of the duct where no heat 1$ discharged, which 1$ much 
greater than when heat 15 being discharged. 

We have so far considered our subject only in connection with 
coils in which the turns are іп a horizontal plane. Іп shell- 
tvpe transformers with vertical oil ducts between flat coils, in 
which the conductors are parallel to the ducts in a vertical 
direction, conditions are quite different. With the type of 
winding common in these transformers, the laver insulation is 
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not in the path of heat flow, and the insulating covering 15 thin, 
so that the first important step in the temperature gradient is 
that spoken of above as step 3, in going from the solid surface 
to the liquid oil. The equivalent thermal resistance of this 
step is uniformly distributed throughout the length of the duct, 
since the rate of oil flow is the same throughout, but this re- 
sistance will change with changes in the rate of heat discharge 
because the velocity of the oil will be different. Now if the heat 
generated in any part of the coil were all transmitted directly 
to the oil through that part of the surface which is opposite, the 
oil would receive heat at a uniform rate throughout its passage 
through the duct, and the difference between the temperature 
of the coil and that of the oil would be the same at the top as at 
the bottom. The temperature at the top part of the coil would 
therefore be as much greater than its temperature at the bottom 
as the temperature of the oil leaving the duct is greater than 
its temperature at entrance. This would result in the passage 
of a considerable portion of heat downward through the copper, 
which is a good conductor of heat. This actually takes place, 
with the effect that more heat is discharged per square inch from 
the bottom part of the coil than from the top. The temperature 
rise of the oil in its passage through the duct is, thercfore, more 
rapid in the bottom portion of the duct than in the top, and the 
temperature drop from the coil to the oil is also greater in the 
bottom portion of the duct than in the top, on account of the 
greater density of heat flow. The temperature gradient in the 
copper from the top of the coil to the bottom is thus reduced, 
giving a more uniform temperature, as well as a lower average 
temperature. On the other hand, though the temperature of the 
oil where it leaves the duct would be the same, if its velocity were 
the same, since it absorbs the same total heat, yet its average 
temperature throughout the duct will be greater on account of 
the larger proportion of heat which it receives near the bottom. 
This will result in an increase in the velocity of circulation, 
Which tends to reduce both the temperature rise of the oil in the ' 
duct and the temperature drop from the coil into the oil, both of 
these actions affecting further reduction in the temperature of 
the coils. 

We have another important practical case for consideration in 
connection with the use of disc shape coils, assembled in a hori- 
zontal position, with horizontal ducts between. These coils 
may be wound either in single turn layers, or with scveral turns 
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per layer. In the former case practically all the heat will be 
thrown out into the horizontal ducts, but in the latter the inner 
and outer layers will discharge considerable heat through layer 
insulation to the inner and outer cylindrical surfaces. А large 
portion of the heat will, however, find an easier passage out 
through the horizontal oil ducts than from layer to layer in the 
coil. The relative amounts passing out through the two paths 
will depend upon the circulation of the oil. If the oil is stagnant 
in the horizontal ducts, it reaches a temperature where it ceases 

to absorb heat. This condition can only be partial, however, 
since there is always a tendency for the hot oil to leak out from 
these ducts, its place being taken by cooler oil. 

This type of winding is attractive from the standpoint of de- 
sign, since if the cooling surface obtained in this manner is suffi- 
ciently effective it will give the necessary cooling surface more 
economically than where this surface must be obtained by unduly 
lengthening the coils and core in a vertical direction. The 
relative effectiveness of this method of cooling must be de- 
termined by experimental means, the tests covering such points 
as the effect of the thickness of the horizontal ducts, the presence 
or absence of internal or external vertical ducts, ес. 

The core will not need separate consideration with respect 
to temperature steps 1, 2 and 3, except to state that the thermal 
conductivity of iron is such that the interior temperature rise is 
small, and that, in considering the temperature drop at the 
surface, we must distinguish between the surface which exposes . 
the edges of all the laminations to the oil, and that which exposes 
but a single lamination. The relative amounts of heat dis- 
charges from these two surfaces, and consequently the magni- 
tude of the temperature drops from the respective surfaces to 
the oil, will depend somewhat upon the relative thermal re- 
sistance in the two directions within the core. 

The fifth step іп the temperature gradient bears a relation 
to the density of the heat current and the velocity of ой flow 
which is similar to that of step 3. The temperature drop from 
the oil to a surface which is absorbing heat from it, 16 reduced 
by forced circulation over this surface in a manner similar to the 
reduction in temperature drop from the coils to the oil with 
forced circulation, which has already been described. This 
involves a comparatively thin duct adjacent to the cooling sur- 
face through which the oil must pass. 

Before leaving the general subject of the behavior of,oil in 
the process ofcooling the transformer, the influence of vis- 
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cosity should be pointed out. An increase in the viscosity 
of the oil means an increase in the frictional resistance to its 
flowing. It results, therefore, in a reduced velocity of circulation, 
thereby causing an increased drop from the coils and core into 
the oil, an increased rise in the temperature of the oil while 
flowing through the ducts, and an increased drop from the oil 
to the tank. The net result is a higher temperature of the oil 
at the top of the tank, though its temperature may be lower at 
the bottom, and a higher tempcrature in the windings. 

The sixth step of the temperature gradient is negligibly small, 
being due only to the thermal resistance of the metal in the tank. 
It need not have been mentioned in this discussion except for 
the fact that something occurs here which often assists very 
materially in cooling. The top of the tank usually extends sev- 
eral inches above the oil level, while at the bottom of the tank 
several inches of stagnant oil is usually found, which is practi- 
cally cold. The tank, especially if of heavy matcrial, as with 
cast iron, conducts considerable heat upward at the top, and 
downward at the bottom, thus increasing the area of the external 
cooling surface. The importance of a given percentage of in- 
crease in this surface is all the greater because of the magnitude 
of the temperature drop from the tank surface to the air. 

The seventh step in the temperature gradient, from tank to 
air, is most important of all, because it is much larger than any 
of the others. In seeking for engineering economies, the larger 
items deserve the more careful attention. This step is, there- 
fore, worthy of most careful study. у 

It has been pointed out above that more than half of the heat 
discharged from a plain tank is thrown out by radiation. Since 
radiation depends upon the external dimensions of the tank, 
and not upon its developed surface, the increased cooling ob- 
tained with corrugations, cooling tubes, etc., is due to the in- 
crease in convection only. This explains why a corrugated sur- 
face is so ineffective as compared with a plain one, inch for 
inch, Comparing a plain tank with a corrugated one of equal 
dimensions, but with four times the developed surface, if all 
parts of the corrugated surface are equally as effective for con- 
vection as the plain surface, and if 40 per cent of the heat thrown 
out from the plain tank is convection and 60 per cent radiation 
the total heat thrown out by the corrugated tank will be 40 per 
cent X 4 plus 60 per cent = 220 per cent of that thrown out by 
the plain one, so that the watts per square inch thrown out by the 
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' 2 
corrugated tank, at the given temperature, are e = 55 per 
cent of the watts per square inch from the plain one, and the 
. radiation from the corrugated tank is 21 = 271 per cent of 


the total heat thrown out. 

In order that all parts of the surface may be equally effective 
for convection, an equal amount of air must be supplied to every 
element of surface, to the depth of heat penetration. In order 
that this may be approximately true for a corrugated surface, 
the corrugation must be wide and deep, rather than narrow and 
shallow. Thus with the same outside dimensions, and the same 
developed surface, the tank with large corrugations will throw 
out more heat than the tank with small ones, first, because the 
corrugations contain more air, and second, because the velocity 
of the air will be smaller in the smaller corrugations on account 
of the greater friction. And besides the reduced amount of air 
for absorbing the heat, we probably have here also, as in the oil, 
an additional increase in the equivalent thermal resistance due to 
the decreased velocity. 

The relative space required for ой and air within the corruga- 
tions of a cooling tank 1$ An important consideration. The rcla- 
tive thermal capacities, and densities, of oil and air, easily con- 
vince one that the space allowed for air should be large as com- 
pared with that allowed for oil, since the product of the thermal 
capacity and density of oil is many times that of air. Act- 
ual measurements show not only that the temperature drop 
from the oil to the tank is very much smaller than that from the 
tank to the air, but also that 1t occurs within much smaller range 
of the tank. In order to avoid undue effects from friction, 
however, oil ducts in which heat 1s discharged by the oil should 
be more generous than those between the coils, where the oil is 
absorbing heat. 

If they receive the attention which they deserve, cach of 
several phases of the subject which we have outlined will afford 
material for a lengthy and valuable paper. 

Definite figures for the relative values of the various steps 
of the temperature gradient have not been given since these 
depend upon the specific conditions of each particular case. It 
is hoped, however, that the discussion may bring out much 
definite information, and that this paper may serve as a nucleus 
for future contributions. 
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HYSTERESIS AND EDDY CURRENT EXPONENTS 
FOR SILICON STEEL 


BY W. J. WOOLDRIDGE 


It is my intention to bring before the Institute as briefly as 
may be, the apparent changes in general direction of curves 
required for predetermining core losses of apparatus, especially 
transformers, in which silicon steel is used. 

When this alloyed steel first came into use, some years ago, 
curves were drawn up based on losses found in samples tested 
at 9,000 B and 10,000 B and retaining the usc of the Steinmetz 
exponents which had for many years stood as approximately 
correct values for commercial electrical sheet steel, viz., eddy 
current loss increasing as B? and hysteresis loss increasing as 
B'* 

It was quite natural that this material should first be uscd in 
transformers both because of the constant demand for lower core 
losses, the prospect of more compact designs and also because 
of the mechanical qualities of silicon stecl. 

With ordinary steel the limit of design for transformers was 
along the line of heating. That is to say, the limit was the watts 
рег square inch of effective radiating surface. 

With the lower watts per pound of the new steel an increase 
in core density above that generally used in the old material 
seemed allowable and was also desirable in order to offsct the 
higher cost per pound of the stcel. Core loss curves made on 
such transformers showed the material at low densities to be in 
accord with design curves, but at medium densities (12,000 B 
for instance) the loss was considerably above anticipated results. 

In seeking the cause of the trouble the well established ex- 
ponents which had proven satisfactory for so long, were not at 
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first considered. The test curves when carried further, to rela- 
tively high densities, showed a continued increase but not 
logarithmic. It was noted in such cases that the power factor de- 
creased rapidly, this decrease coinciding in a marked degree to 
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the increased core loss as shown by the wattmeters. Тһе higher 
loss was, therefore, assumed to be due at least in part to incorrect 
wattmeter readings and in part to a possible change in wave 
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Later, the development of the iron clad instrument, giving 
correct readings at low power factors, showed that the premise 
regarding the effect of incorrect wattmeter readings to be largely 
a wrong one. Tests on a small core carefully tested on sine 
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wave and then used in conjunction with the transformer under 
test, enabling a ready and convenient correction for wave form, 
gave further evidence that. the high core loss at high densities 
was inherent. 

Careful tests on variously proportioned cores, such as rings 
without gaps, rectangular cores, and complete transfermers, 
were found to agree closely and finally led to the inevitable 
conclusion that the exponents regularly used for ordinary steel 
did not hold for silicon steel. 

This has been confirmed by several other investigators and 
has been published in the Bulletin of the Bureau of Standards, 
and to some extent by the German technical press. 

Both hysteresis and eddy current exponents were determined 
and it was found these were not a constant value for either com- 
ponent, the hysteresis increasing more and more rapidly as 
the density increased, while the eddy current decreased but to a 
lesser extent. The average values found are shownin the curves 
Fig. 1. In transformers, the decreasing eddy current loss 
does not materially offset the increasing hysteresis from the 
fact that the eddy current loss in thin sheets is such a small 
Proportion of the total. 

Fig. 2 is given to show the relation between two curves, the 
upper one of which is plotted using the old ordinary steel ex- 
ponents and the lower curve being plotted using the exponents 
shown in Fig. 1, assuming the same values at 10,000 B. 

The values are based on tests made on 0.014-in. sheet steel 
obtained from several steel makers in this country and abroad. 

It is interesting to note that the hysteresis exponent in the 
neighborhood of 16,000 B is more than double the old value as 
used for ordinary steel. 
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COMMERCIAL PROBLEMS OF TRANSFORMER 
DESIGN 


BY H. R. WILSON 


One of the most important problems confronting a designing 
engineer is the compromise between the design which, in his 
opinion, is best but too expensive for competition, and the de- 
sign which can be built to barely meet guarantees and which 
can be sold for the lowest possible price. The designing engineer 
is at times compelled to cater to the idiosyncrasies of certain 
customers, whose special requircments, experience has proved, 
are unnecessary and detrimental to good construction, but which 
will be furnished by competitors who are less conscientious in 
this respect. 

It is doubtful whether any line of apparatus is subject to such 
wide variation in requirements as transformers. Capacity, 
voltage (both primary and secondary), taps, heating, overloads, 
efficiency, regulation and overall dimensions must all be taken 
into consideration, and the best balance obtained, so that the 
design will conform to the requirements of the majority of 
customers, 

For a line of transformers varving in capacity from 100 kw. 
to 1000 or 5000 kw., and in voltage from 2200 volts to 110,000 
volts, the best solution of the above problems is not an easy one. 

If it were possible to treat each transformer as an individual 
unit, the difficult problem of standardization would be elimi- 
nated, but for extensive production, thisisnot permissible. Тһе 
standardization of parts for a line of transformers covering a 
wide range in capacity and voltage, demands a large number of 
special tools, patterns, dies, etc., the cost of which is a big item, 
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terns, dies and tools must be reduced to the minimum, con- 
sistent with economical production. On the other hand, stand- 
ardization has an important bearing on delivery; the greater 
the number of different parts which can be carricd in stock, the 
shorter will be the timc necessary for the production of the ap- 
paratus. 

The principal transformer parts which may be standardized 
are: the case, punchings and size of copper strip. 

Should a line of round tanks running from 3 ft. (0.91 m.) 
to 8 ft. (2.4 m.) diameter, vary in steps of 2 in. (5 cm.) or should 
the gradient be 2 ft. (61 cm.)? "The former figure is obviously 
too small and the latter too large, but where should the line be 
drawn? Га line of dies for punching laminations is to be estab- 
lished, what wil be the minimum number that can be used 
without sacrificing too much of the wire space on intermediate 
sizes? The carrying of a large stock of drawn copper necessitates 
the investment of much capital and consequently considerable 
importance should be attached to the selection of strips, in order 
to avoid carrying in stock, a large number of sizes for which 
there 1$ very little call and which may be on hand for several 
years. On the other hand, too small a number of strips may 
mean, in many cases, the use of a larger size strip than would 
answer the purpose. 

Another question which has been frequently discussed, is the 
maximum economical capacity gradient for small transformers 
which are to be carricd in stock. Shall the standard sizes under 
5 kw. be 0.5, 1.0, 1.5, 2.0, 2.5, 8.0, 3.5, 4.0, 4.5, 5.0 kw. or will 
half of this number serve the purpose? 

The importance attached to operating data 15 sometimes a 
handicap іп a good design. Consider the question of efficiencies 
in its components of core loss and copper loss. Assuming a pre- 
determined number of turns of required cross-section, the size of 
the wire space or window depends upon the amount of insulation 
used, and the relatively small amount of space required for the 
copper compared with that taken up by the insulation (especially 
in high voltage units), 15 apt to be surprising. The latter fre- 
quently requires from three to fifteen times as much room as the 
former. It will therefore readily be seen that a reduction in the 
insulation factor of safety, will give a reduction in core loss and 
that a low core loss obtained in this manner may easily deceive a 
prospective customer who cannot be expected to be acquainted 
in detail with the strength of the various insulating materials 
and methods of using the same. 
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The relation of efficiency and cost must also receive due con- 
sideration, and a choice between the least expensive, low effi- 
ciency design and the more costlv high efficiency design must be 
made. The low cost of power development calls for the former 
and the latter is more advantageous where the saving resultant 
from a reduction in losses overcomes the interest on the first 
cost of installation. 

A much discussed subject has been the relative proportion of 

overall height to floor space, especially for transformers of 
000 kw. and above. A certain station layout has plenty of 
available floor space, but demands a transformer of limited 
height, while, on the other hand, another station is crowded for 
floor space but has head room more than necessary. For a 
station situated in large cities whcre land is valuable, the unit with 
small floor space seems to be better suited, while a station lo- 
cated in less valuable territory allows the reverse conditions. 
These local conditions must all be considered when laying out a 
line of parts which will be best adaptable for fulfilling the various 
requirements. 
. Let us consider, however, a situation where neither overall 
dimension is limited. What relation of height to floor space for a 
round or square case, will be most suitable for the average sta- 
tion? Shall the proportion of height over cap to floor space be 
1.5: 1, or 2.5: 1,1.6., will over all dimensions of say 5 ft. (1.5 m.) 
diameter by 7.5 ft. (2.2 m.) high be better than 4 ft. (1.2 m.) 
diameter by 10 ft. (3 m.) high? It would be very interesting 
to know if the majority of customers have a preference for small 
floor space and considerable height, or greater floor space 
and less height. 

A finished outside appearance is desirable in all apparatus, 
but the influence of such appearance in selling a transformer is a 
debatable question. Is it desirable to expend the additional 
money necessary to obtain this finished article, or will less paint 
and a rough surface be fully as acceptable? Shall the same care 
be given to the internal parts or will rougher work pass un- 
noticed? If transportation facilities allow the shipment of a 
transformer assembled in the case, the unit is very apt to be 
placed in service without investigation of the inside construction, 
and consequently the extra care and finish pass unnoticed, at 
least until revealed by a general investigation. 

Until the past few years power transformers were designed 
with a comparatively low reactance, about 2 per cent or 3 per 
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cent, and, as the J R drop per cent decreases as the capacity 
increases, better regulation was obtained on the larger size units. 
Later experience has proven that the higher the reactance, the 
greater is the ability of the transformer to withstanding short 
circuits. It is therefore desirable to have high reactance in 
transformers of large capacity; especially where the total power 
behind the transformer is many times the capacity of the trans- 
former bank. The result of increasing the reactance as the 
capacity increases, is that the regulation on loads of low power 
factor is considerably poorer for the larger size units than it 1s 
for those of smaller capacity. This 15 not however objectionable, 
because on large power transformers there is usually no need for 
good regulation. 

As the modern grades of steel are practically non-aging, the 
tendency has been to run up the density, thereby obtaining a 
considerable reduction in both the amount of iron and copper; 
the size of the core decreasing in proportion to the increase іп 
density and the weight of copper in proportion to the reduction 
in the mean length of turn. If the cost of the copper and iron 
is about equally divided, and a decrease of 10 per cent in density 
gives an increase of 10 per cent in the amount of steel, and about 
4 per cent in the amount of copper, the total increase will be 
7 per cent. 

The principal disadvantage of a high density is the large 
increase in magnetizing current and core loss when operating 
under over-voltage conditions, t.e., with a density of 50,000 lines 
per sq. in. (8000 per sq. cm.) for normal voltage, the per cent 
increase in magnetizing current and core loss when operating 
at 10 per cent over-voltage, is not nearly as great as will be the 
case when the density at normal voltage is 80,000 to 90,000 lines 
per sq. in. (12,400 to 15,500 per sq. cm.). The purchaser, who 
is apt to operate his lines above the normal rated voltage will do 
well to consider this question when ordering transformers. 

The manner in which transformers are rated and guarantees 
made when operation is to be at power-factor loads, may be 
misleading to a customer who is not familiar with transformer 
design. А transformer may be required to deliver a specified 
number of kilowatts at a low power-factor, but through a mis- 
understanding between the manufacturer and the purchaser, 
a unit of the same numerical capacity rated on a kilovolt- 
ampere basis may be furnished instead of one rated ona kilowatt 
basis at the power-factor on which it is to operate. Now that 
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the practice of rating transformers on a kilovolt ampere basis 
has been standardized, misunderstandings of the above sort 
should be eliminated. 

The A. I. E. E. rules state that the temperature rise of a 
transformer should be based on the temperature of the sur- 
rounding air. The cooling medium for oil-insulated self-cooled 
and for air-blast transformers is the surrounding air, but for oil 
insulated, water-cooled units the cooling medium is water, and 
it is only logical to consider the temperature rise above that of 
the ingoing water and illogical to refer to the tempcrature of the 
room. The purchaser of this type of transformer who specifies 
that the temperature rise shall be based on the temperature of 
the surrounding air is very apt to receive a unit having 10 deg. 
cent. higher heating than if he had stated that the temperature 
nse should be above the ingoing water, i.e., for example, а 
guarantee to the effect that the temperature rise shall not exceed 
40 deg. cent. above the temperature of the surrounding air at 
25 deg. cent. with the ingoing water at 15 deg. cent. is in reality 
a unit having a temperature rise of 50 deg. above the water at 
15 deg. cent., and consequently is а 10 deg. cent. hotter trans- 
former than if the guarantee was 40 deg. cent. above the cooling 
medium, which is the water at 15 deg. cent. 

The engineering and commercial conditions are so vitally 
related, that ail phases of the situation must be considered from 
both points of view, and therefore the best general design of a 
line of transformers is the one which contains no features which 
are commercially detrimental, and yet will satisfactorily fulfill 
the requirements which will be demanded in actual service. 
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DISCUSSION ON '" INTERPOLES IN SYNCHRONOUS CONVERTERS," 
New York, NOVEMBER 11, 1910. (SEE PROCEEDINS FOR 
NOVEMBER, 1910.) 

(Subject to final revision for the Transactions.) 

Gano Dunn: This subject comes under the head of commuta- 
tion, which Lord Kelvin used to lament was neglected in former 
years by the drawing away of the best minds in electrical engi- 
neering from direct current problems to the more interesting 
and complicated alternating current problems; although Lord 
Kelvin also said the problems of commutation were really more 
complicated than the problems in alternating current for which 
they were neglected. 

To-night’s paper, with the discussion expected, shows that 
the best minds are coming back again to the old subject of 
commutation, with a resolve to solve some of the difficulties 
that have been waiting so many years asleep, for the kinds of 
men that are now giving them attention. 

There are two kinds of commutation; magnetic commuta- 
tion, and what may be called resistance commutation, al- 
though the resistance referred to is that of the contact of the 
brush with the commutator and produces an effect similar to what 
would be produced Бу a counter electromotive force at this 
contact. 

Resistance commutation depends upon this so-called counter 
electromotive force of contact under the heel of the brush for 
the reversal of the coil. 

Magnetic commutation depends for the reversal of the coil, 
upon the direct electromotive force generated in it by either the 
magnetic fringe at the pole tip or by an auxiliary pole. 

Under the action of the auxiliary or commutating pole the 
current in each coil of the arch of coils approaching the com- 
mutating region, 1s reversed at the same time that the coil is 
transferred from the approaching to the receding arch. 

All commutating or interpole subjects belong under the head 
of magnetic commutation. 

Interpoles have been known for many years, my first discus- 
sion of them being in a lecture delivered in 1893, but for many 
reasons, which this is not the occasion to mention, they were not 
taken up for constant specd machines until, when either through 
increased size or increased speed and after the number of turns 
had been decreased to one per bar, the volume of current loaded 
on the armature turns of dynamo electric machinery became 
larger than a carbon brush eould, by resistance commutation, 
satisfactorily reverse. 

A further reduction of turns per bar was impossible for the 
same reason that you cannot make a clock that will strike less than 
one, and there seemed at that time to be no known means of in- 
creasing the so-called counter electromotive force of contact of 
the brush. Interpoles were therefore resorted to, for the proper 
turning over of the heavy currents in the coil which had grown 
beyond the capacity of the brush to handle in the time allowed. 
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When taken up, interpoles were adopted very rapidly, becom- 
ing a fad and being used in many cases where they were not, as 
physicians say, “ indicated," and I am glad to see in the paper 
a conservative tendency in regard to their use in rotary convert- 
ers. 

I wish to point out an improvement that has been made in 
resistance commutation, which may increase the range of ap- 
plicability of that type of commutation into the field of inter- 
poles. It is not yet satisfactorily developed commercially 
but may be of use as an alternative to the interpole, to those who 
are searching for means for improving the commutation of 
rotary converters. 

I refer to what I have called fractional commutation, the 
principle involved in which was developed by Mr. F. W. Young 
and was mentioned at the Asheville Convention of the Institute. 
It applies particularly to machines whose voltage is, in a direct 
current sense, high. Тһе improvement depends upon an in- 
crease in the counter electromotive force of the brush contact 
by putting a number of these contacts in series with the coil 
that is about to leave the brush. 

ar | as | as 7. | and D represents the main 


FRITS brush connected to the line, 


АТАДЫ А 
"uu uU. and E and the brushes next 
toit represent brushes that 
4 are neither connected to the 
7 6 5 4 8 2 , line nor to each other nor to 
the main brush D, but all 
dead and merely lying adjacent to each other in such a relation 
that each brush has the width of a commutator bar, then as the 
commutator moves to the left the last thread of current that 
15 about to be sheared off from entering the coil R, it will be 
seen has had to travel successively from the main’ brush D 
against approximately one volt counter electromotive force 
into the commutator bar under it, then back upward out 
of the commutator bar against another one volt counter 
electromotive force into the first dead brush E , then down again 
through another counter electromotive force into the next 
commutator bar, then up again into the next dead brush, and 
so on, and in the case shown in the figure, assuming one volt 
counter electromotive force for each contact surface past, will 
have encountered thirteen volts counter electromotive force. 
It 1s this last thread of current that makes the spark, and 
while the number of dead brushes used in the figure is large, 
merely to illustrate the principle, it is astonishing what ex- 
cellent results are obtained with only two or even three dead 
brushes. 


With three dead brushes there are seven volts counter electro- 


If in the accompanying 
figure, b represents a com- 
mutator moving to the left 
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motive force, which gives results comparable to the best that 
interpoles can do. 

One dead brush alone increases the counter electromotive 
force at the heel of the main brush, from one volt to three volts, 
and roughly speaking extends to three times its former range, 
the powers of resistance commutation. 

The reason for calling the method of commutation I have here 
described, fractional commutation, is that it secures the reversal 
of the current in the coil step by step, a little at a time as the 
coil passes each dead brush. 

The fractional nature of the commutation can easily be seen 
by counting the number of threads of current running to each 
coil in the diagram. This illustrates quantitatively about how 
the current would actually change in the coil as it passed from a 
position on the extreme right of the figure to a position on the 
extreme left. 

The net results are: The total time a coil is subjected to the 
influence of commutation is increased. In other words, the 
coil has warning of what is going to be expected of it in a way 
it does not have when there 15 only a single brush. And the 
electromotive force available for compelling the turn over of 
the coil 1s increased many times over that a single brush is 
capable of developing. 

This system of fractional commutation does not seem appli- 
cable where currents are large and where commutator bars are 
wide, but with tendencies toward higher voltages with a cor- 
responding diminution of current, and toward increase іп the 
number and fineness of commutator bars, we can afford to give 
more commutator space to the purposes of commutation than 
formerly. I believe there is a principle in this method, that 
with some further development can be made extremely valuable 
and is well worthy of study. I have spent considerable time on 
it and conducted a great many experiments, with results, that 
while not yet commercial, indicate that the principle is sound. 
In certain cascs fractional commutation of this kind would 
have many advantages over the magnetic commutation of inter- 
poles. 

Н. Е. T. Erben: The paper which has just been read is а 
clear exposition of the subject of commutation and general 
operation of synchronous converters with and without commu- 
tating poles. 

While I agree with the general conclusions arrived at in the 
paper I do not think the authors dwell at sufficient length on 
one of the broadest fields of usefulness for converters with 
commutating poles, namely, for those operating on interurban 
service and for high voltage converters wound for 1000 to 1500 
volts. Тһе machines I refer to are those in which the general 
characteristics of design are determined solely by commutating 
conditions at heavy overloads and not by апу consideration of 
heating. It seems to me that the conclusions which the authors 
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of the paper have drawn regarding the advantages and disad- 
vantages of commutating pole converters are pertinent princi- 
pally to units used in connection with large central station svs- 
tems in which the prime consideration of design is not commuta- 
tion but heating, efficiency, and low maintenance. Synchronous 
converters installed in our large cities in connection with railway 
work have as a rule a very constant duty and are not subject to 
heavy overloads, the maximum as a rule not being greater than 
50 рег cent overload and in consequence I agree that for such 
service interpoles are unnecessary. On the other hand, con- 
verters used in connection with interurban service have a verv 
low load factor but are subject to very heavy overloads, possibly 
two or three times normal and for such service I believe that 
commutating poles are a necessity. 

During the past few years a number of 1200- and 1300-volt 
interurban systems have been put into successful operation and 
as a rule the generating apparatus has consisted of either two, 
600-volt generators or converters in serics. Single generator 
units wound for 1200 volts with commutating poles have been 
in successful operation for the past two or three years and at the 
present time some 1600-volt commutating pole generators are 
being built. I venture to predict that within two years we shall 
see 1200- or even 1500-volt single unit synchronous converters 
In operation on long interurban lines. I do not believe that any 
designer would be willing to build a 1200- or 1500-volt con- 
verter without providing commutating poles, as he is faced with 
the problem of producing a machine which is capable of with- 
standing momentarily overloads of two and three times normal 
without severe sparking or flashing, which is a condition very 
dithcult of attainment on machines of the non-commutating 
pole type. | | 

Тһе experiments which we have carried on in connection with 
1200-volt, 25-cvcle converters show that if the commutating 
poles are properly proportioned, little is to be feared in the way 
of flashing within what one might consider the limits of daily 
service, We have repeatedly subjected a 750-kw. 1200-volt 
converter to four times normal load without any signs of flashing 
when the load was suddenly removed. In order to determine 
the damage, if any, resulting from flashing caused by a dead 
short circuit, we have repeatedly subjected the same converter 
to short circuits through a few feet of cable. Although the flash 
produced was of large volume we found that neither the commu- 
tator leads, brush-holders nor brushes were damaged to any 
appreciable extent. In fact, after the machine had been short- 
circuited six times it was immediately brought up to normal 
load and overloads without appreciable sparking. 

I believe that the authors have laid too much stress on the 
effect of the various magnetomotive forces in connection with 
flashing. A long series of experiments made to obtain data on 
the flashing of various types of machines at time of short circuit 
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has shown that there is little to choose, as far as flashing goes, 
between direct-current machines of the non-commutating pole 
and commutating pole type. Of course, commutating poles ог 
compensating windings will help to a certain extent but if the 
short circuit causes the armature current to rise to say ten or 
fifteen times normal, the machine will surely flash over. . 

The authors call attention to the fact that when subjected to 
a dead short circuit a synchronous converter will behave differ- 
ently from a generator, due to the fact that the commutating 
pole of the generator will become highly saturated, whercas the 
commutating pole of the converter will not have reached 
saturation. If one considers that at the time of a short 
circuit on either a rotary or generator the current may rise to 
fifteen to twenty times normal, such an increase in magneto- 
motive force will be sufficient to over-saturate the commutating 
pole, although in the case of the converter the value of the mag- 
netomotive force will be less than on the generator. 

The authors have stated that an inductive shunt used in 
connection with a gencrator or rotary mav be of considerable 
value in helping commutation at the time a heavy load is thrown 
on but it might be a detriment when the load 1s thrown suddenly 
off. I hardly agree with their conclusions, as it has been shown 
in actual practice that a properly proportioned inductive shunt 
will cause the flux in the commutating pole to instantly drop to 
zero, in fact the inductive shunt may be so proportioned as to 
actually reverse the direction of flux in the commutating pole 
at the instant the breaker is opened. If the flux in the com- 
mutating field can be instantly brought to zero or reversed as has 
been shown possible by oscillograph records, there will be little 
or no chance of the machine flashing over except of course, in 
case of what is practically a dead short circuit. 

C. P. Steinmetz: I agree with the conclusions in this paper in 
their general nature. They аге that the commutating pole 
offers relativelv little if any advantage in improving the design 
of the converter as at present built. There may be a slight 
advantage in 600-volt 25-cvcle converters, which means that in 
1200-volt, 25-cycle converters there would be a greater ad- 
vantage and а still greater advantage in 2400-volt, 25-cycle. 
converters; the former are with us now in operating 1200-volt 
railway service, and the others I believe will come at a not far 
distant future. | 

Тһе paper is very interesting in showing that in electrical 
engineering investigations the conclusion which we arrive at 
depends very largely on the view point regarding conditions of 
operation and application of the apparatus. That is, they de- 
pend on the premises on which the study is based. In this paper 
a converter is considered with the design constants propor- 
tioned as they are today in large converters operated on steady 
service in our big lighting systems, at 250 volts, and on our big 
metropolitan railway systems, of very steady loads; and in this 
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class of converters there is relatively little gain in the use of 
commutating poles. But let us take another view point, starting 
from different premises as regards the requirements of operation 
and see whether some different conclusions may not be derived. 
The overload capacity of the synchronous converter depends 
on the supply system, the heating limit, and the sparking limit. 
The supply system сап be controlled by its design. If a converter 
in an interurban railway system has to stand overloads of 300 
or 400 per cent, it means that the feeder or the transmission line 
must be sufficient to give that load without a drop of voltage such 

as would disturb the machine. If the load is steady and uni- 
` form the heating limit is a material limit. If the load is widely 
fluctuating with relatively low load factor, as in interurban 
railway service, where the load rapidly fluctuates between al- 
most no-load and a load of short duration amounting to several 
hundred per cent overload, then the heating limit is eliminated, 
because the greatest length of time at which the converter mav 
be overloaded is only the time that the train passes over that 
section, a few minutes, and during that interval the hcating 
limit, even at three or four hundred per cent load, is not rcached. 
That means that the only limit of overload capacitv is the com- 
mutation limit. In the converter the armature reactions neu- 
tralize. Thus the sparking limit is determined by the self in- 
duction of commutation and this is controlled by the commu- 
tating poles. 

It will be seen in that class of service, which is quite common and 
constantly increasing, where the load is very fluctuating, the 
load factor very low, and where, therefore, the only limit of 
overload capacity is the commutation limit, the commutating 
pole offers us a very material advantage in the design of the 
synchronous converter, by making it possible to greatly increase 
the overload which the machine will carry. In other words, 
for the same kind of service, we can build a converter whose 
rated load is much smaller and thus much nearer the average 
load. That is to say, we very greatly increase the load factor 
of the machine as based on its rated load, and therefore its effi- 
ciency of operation, and the efficiency of operation of the station 
and of the entire system. 

When we come to an interurban railway. system with in- 
frequent heavy service, this feature may be and often is the 
difference between success and failure of the system; the nature 
of the load is so fluctuating, of such a low load factor, that we can 
get efficiency of operation only by a machine which can carry 
for a short time enormous overloads. Hence, as the heating 
limit is absent, the commutating pole gives us a very material 
advantage by making a smaller and a lighter machine. It is 
not only this advantage of better load factor, but coincident 
therewith is the advantage gained in the lesser liability to hunt- 
Ing, because the hunting of a synchronous machine is determined 
largely by its mechanical momentum, and if we can decrease the 
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momentum of the maehine by making it smaller it means that 
we will have greatly improved its stability. 

As regards the danger of flashing due to unbalanced armature 
reaction, as illustrated іп the paper, I will say that theoretically, 
the problem is there, but practically I do not believe it is material 
for the reason that I do not think that such unbalanced armature 
action can exist to anv appreciable extent. If, as illustrated, 
the armature reaction should be unbalanced by a sudden heavy 
load thrown on the machine, without any corresponding or 
neutralizing alternating m.m.f., it means that the energy output 
wil have to draw on the momentum of the converter by a dc- 
crcase of speed. But we know that the converter cannot decrease 
in speed because it 1s locked svnchronouslv. So it cannot gain 
апу energy from the mechanical momentum except that insig- 
nificant amount corresponding to the drop in position—not in 
spced—írom no-load position to the overload position, which, 
in a converter where the reaction 1s balanced, is extremely small. 
If we cannot draw on the mechanical momentum for energy, 
either the energy will not flow out and the machine will not take 
the load instantly, or it must at the same time flow in and then 
the reaction is balanced. The same thing happens again if vou 
suddenly throw off the excessive overload. That means that 
the power input would accelerate the machine. But svnchron- 
ism climinates the chance of acceleration, so that we get only the 
momentum of the speed which shifts the machine from the 
relative position corresponding to one load to that of another 
load; that 15, a momentum which involves a fraction of a cycle. 
But even this effect eliminates itself, because if the machine 
shifts from one position to another position by dropping back or 
running ahead, then it does not only drop into the new position, 
but it runs beyond it before it stops. That means it over- 
reaches, and if there was an excess of the direct current it must 
be followed instantly by an excess of the alternating current 
and inversely, which reverses the former’s effect. 

Since the poles are sohd iron, I do not sce how you can get 
any appreciable effect in this direction, especially if the me- 
chanical momentum of the machine is very small, due to its 
enormous overload capacity. So the momentum on which 
vou can draw to give an output is very small. That possibly 
explains why converters designed with commutating poles even 
at very high voltages, 1200 or so, do not flash over under con- 
ditions of operation under an excess of overload, as it was 
expected theoretically that they would do. 

Jens Bache-Wiig: In the paper by Messrs. Lamme and New- 
burv the probable effect of the interpoles in case of a sudden 
short circuit on the direct current side of the converter 1s brought 
out. It is reasonable to assume that the presence of the inter- 
poles in case of a short circuit will tend, if anything, to increase 
the injurious effect on account of the unbalanced ratio between 
the armature and interpole ampere-turns, as pointed out in 
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the paper. As is well-known, the effect of a short-circuit upon 
the converter often results in the voltage flashing over and, in 
consequence, the commutator and brush-holder parts are badly 
burned. The effect may be such that it is necessary to shut 
down the converter and clean it up before starting again. The 
large current flowing during the short-circuit will form an arc 
between the nearest points of different polarity and it will to a 
great extent depend upon the action of the alternating-current 
circuit breaker how bad the effect will be. Ordinarily, it is the 
alternating-current circuit or the power behind the rotary which 
determines the flow of short circuit current. Therefore, if this 
power behind the rotary could be eliminated at the moment 
of the short-circuit, the effect of the latter upon the rotary would 
be greatly reduced and would be determined only bv the in- 
herent characteristics of the rotarv itself. Тһе action of the 
rotary in case of a short circuit on the direct-current side would 
then be approximately the same as that of a direct-current gen- 
erator of similar size. Тһе injurious cffect іп this case would be 
small, as brought out in the paper. 

It is customary to protect the converter on the alternating- 
current side by a circuit-breaker, having a maximum relay set 
for a certain current at which it is supposed to open the circuit 
and throw the converter off the line. Similarly, it is customary 
to have а maximum relay breaker on the direct-current side. 
In case now of a short-circuit on the direct-current side, a large 
momentary current will be drawn from the converter greatly 
exceeding the actual current required to open the direct-current 
breaker. As soon as the direct-current breaker lets go, this 
current which is rushing through the rotary will suddenlv be 
brought to a stop and it 1s this sudden change in the flow of cur- 
rent which usually causes the flashing, in combination with 
the fact that the direct-current breaker lets go before the alter- 
nating-current breaker. This now can be overcome by arranging 
for an electric interlock between the direct-current and alter- 
nating-current breaker in such a manner that the alternating- 
current breaker lets go at the moment the direct-current breaker 
drops out. This can be arranged for by a tripping coil on the 
alternating current breaker operated by the direct-current 
breaker. In this manner the danger of flashing duc to short 

‘circuits on the line сап be greatly reduced if not wholly elim- 
inated. This is of special importance in case of interpole con- 
verters, 

Ав to the effect of such an arrangement from an operating 
point of view, there should in case of scelf-starting converters 
be no objection to it. It is true that the converter is alto- 
gether thrown off the circuit and тау be thrown off oftener than 
would be the case if it was not arranged in this manner. How- 
ever, if the attendance is present in case the breaker gocs out, all 
he has to do is to throw it in again, and thus get it back in 
Service at once. If he is not there, it is in most cases better 
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to have the rotary stay out of service than it is to take апу 
chances on flashing and its possible evil effects. 

As regard the presence of the interpoles in case of hunting 
and their effect upon the operation of the rotary under such a 
condition, it may be said that while the interpoles may to an 
extent cause a less satisfactory operation than would be ob- 
tained without them, yet, with the present complete type of 
damper emploved on many synchronous converters the liability 
of hunting in itself is practically eliminated. Barring the 
common causes for hunting which are excessive ohmic line 
drop and periodic impulses set up by the prime movers, as these 
сап be guarded against іп a well-designed power circuit, there 
remains as a source of hunting the possibility of short circuits 
on the svstem or the switching in and out of large units, causing 
heavy surges in the power circuit. However, in case effective 
dampers are employed, the hunting caused bv these surges as 
quickly damped out and the effect will be of such short duration 
that 16 should not be harmful to the rotarv. In case of a dead 
short circuit, the rotary will of course kick itself out and will 
have to be started over again. It seems evident, therefore, 
that the highest grade of dampers should be employed wherever 
interpoles are used on the rotary converters. 

P. M. Lincoln: This term “ interpole " has been somewhat 
loosely used. Interpoles in synchronous converters are used 
for more than one purpose. The kind discussed in this paper 
is used purely for commutation purposes. Ап interpole or split 
pole, has also been used for the purpose of varving the direct- 
current voltage, and I have noticed 1n some of the literature a 
confusion in the use of these two kinds of poles. In fact, in 
reading an abstract of an article in a forcign journal some time 
ago 1t was impossible for me to tell whether the author was 
discussing interpoles used for commutating purposes or inter- 
poles used for the purpose of changing the dircct-current voltage. 

This paper is exceedinglv clear in its presentation of the 
method by which the interpole works. The authors show very 
clearly that the inherent commutating characteristics of the 
rotary converter are verv much better than they can possibly 
be in the case of the alternating-current generator. Any one 
can get this information for himself if he will endeavor to run а 
rotary converter as an alternating-current generator. Sparking 
at the commutator will begin at a point which will astonish the 
man who conducts the experiment unless he knows what to 
expect. Onecan take liberties with the commutation of a rotary 
converter for the reasons set forth in the paper, viz., because the 
armature reaction due to the direct-current flowing, is practi- 
cally all neutralized bv the alternating-current. 

It is also shown in the paper that a commutating pole on the 
rotary converters is necessary only in extreme conditions. It 
is only when the speed or the output reaches a high value that 
it is necessary to resort to the commutating poles іп the rotary 
converter. 
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This brings out another point which might be mentioned, 
and that is that if conditions requiring commutating poles are 
approached in rotary converters it is impossible in such a con- 
dition to use the split-pole rotary converter because the latter 
does take considerable libertv with the commutating conditions, 

J.L.Burnham: The authors of this paper state that there is a 
limit to speed and reduction in number of poles, which cannot be 
exceeded with economy. For instance, for 25-cvcle, 600-volt 
converters, it has been found that an output of about 150 kw. 
per pole is the maximum that can be handled economically 
without the use of interpoles where the usual specifications of 
50 per cent overload for two hours and 100 per cent overload 
momentarily are to be fulfilled. This is on the assumption 
that commutation is to be good enough with ordinarv carbon 
brushes for commutator and brushes to maintain good surfaces 
and require a small amount of attention. The output per pole 
may exceed this value by the use of verv high grade and expen- 
sive brushes and greater maintenance, which may not be justified 
bv the decrease in cost of the machine. With greater output рег 
pole, the pole pitch must be increased to take care of the іп- 
crease 1п size of conductor, slightly, but to a greater extent to 
decrease the reactance voltage to a value which will not cause 
excessive sparking. Тһе limit in reactance voltage is really the 
factor which prevents the use of a less number of poles, since 
When we increase the pole arc to reduce the reactance factor in 
the slot portion, we increase the length of conductor outside of 
the slot portion, which adds to the reactance voltage and the 
gam in reduction of the total reactance voltage becomes less the 
longer the arc. In а 600-volt, 25-cycle machine, the reactance 
voltage generated in the conductor outside of the slot is about 
two-thirds of that generated in the conductor inside of the slot, 
when the output is 150 kw. per pole. If we attempt to increase 
the output, keeping the total reactance the same, the machine 

ссотез very much larger than would be necessary with an 
economical proportioning of iron and copper. It is at this 
point that the introduction of commutating poles to increase the 
output per pole is of advantage. 

Messrs. Lamme and Newbury have given a number of reasons 
Why interpoles on synchronous converters may not work out as 
well as on direct-current generators or motors. In all of these 
cases the reason hinges on the fact that the ampere turns neces- 
Sary for the interpole of a synchronous converter are much less 
than required for direct-current generator and very much 
smaller in proportion to the armature reaction ampcre turns 
of the converter armature. This naturally leads to the sugges- 
tion that the required ampere turns of inter pole winding 
might be increased to advantage. Several months ago I 
conducted a number of tests, with various shapes of inter- 
poles and lengths of air-gap, on 25-cvcle, 1200-volt synchronous 
converters and found that with a narrow inter pole face and 
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a very large gap, commutation comparable to that obtained 
with a compensated commutating pole generator could be 
secured. The load at which sparking would commence, with- 
out interpoles, was carefully determined. Interpoles were then 
fitted to the machine and adjusted so it would carry four times the 
load to cause the same sparking as without the interpoles. Four 
times full-load could be thrown on and off successfully but would 
always be accompanied by a slight spitting at the brushes. I 
attributed this to a shifting of the magnetic centres of the poles 
due to change in flux through the interpole and also to slight 
change in relative position of armature to poles, due to change 
in losses in the converter rather than to lag in change in com- 
mutating field. That is, the effect would be the same as pro- 
duced by pulsation when the armature swings out of phase far 
enough to cause sparking, or when the machine is badly syn- 
chronized and thrown on to the power circuit slightly out of 
phase and spits at brushes several times. 

Contrary to the statement of this paper, that a shunt to the 
commutating winding having greater inductance than the wind- 
ing would be harmful, it was found in these tests that a shunt 
having about 50 per cent greater inductance than the winding 
of commutating pole gave the best results, particularly when 
the load was thrown off. The two circuits being in multiple, 
the higher inductance would reverse the current in the smaller, 
which reversed current would reduce the ficld flux more rapidly 
than would no current, as in the cases of equal inductance of 
field windings and shunt or with no shunt. 

The effect of pulsating resultant armature reaction under the 
interpoles will be reduced in proportion to the increase ofre- 
luctance of the interpole magnetic circuit. Increasing the air- 
gap is the best means of increasing this reluctance since it 
introduces no effects of saturation. 

As might be expected, the addition of interpoles causes more 
sparking at the commutator when starting from the alternating- 
current end than would be obtained without the interpoles, 
due to the decreased magnetic reluctance of the induced field at 
the point of commutation. This can be greatly improved by 
the large air gap and narrow commutating pole face previously 
mentioned. 

Mr. Lincoln has pointed out the fact that commutating poles 
cannot be used with success on split pole converters. I would 
also like to add that this statement also applies to converters 
with direct-connected alternating-current boosters, but for 
somewhat different reasons. The synchronous booster when 
adding its voltage to the line is acting as a generator requiring 
corresponding motor action in the converter. When the 
booster is opposed to the alternating-current line voltage, it 
acts as a motor and drives the converter. This motor and 
generator action of the converter superimposed upon the con- 
verting action gives armature reactions the same as 1Ё the con- 


1910) DISCUSSION АТ NEW YORK 159 


verter were acting only as a motor or generator. Ав the motor 
and generator reactions are in opposite directions, the total 
vanation for ordinary conditions might easily equal the total 
excitation of the winding on the commutating pole adjusted 
for converter action only. For example, an average value of 
the commutating pole ampere turns would be about 30 per cent 
of the armature reaction. Ап ordinary voltage regulation would 
require 15 per cent boost or buck, or іп other words, a motor 
and generator action of 15 per cent of the output. This would 
give a variation in armature reaction of 30 per cent, which is 
equal to the total full-load excitation of the commutating pole 
winding. Several arrangements for varying the commutating 
pole excitation with variations in the amount of buck or boost, 
as well as with variations in load, have been worked out, but 
thev are at best rather complicated and undesirable. 

C. W. Stone: Dr. Steinmetz has said practically all that I 
wanted to say, but I am going to try to express it in a little dif- 
ferent wav. There is one clause in the paper which is not quite 
clear, possibly I misinterpret what the authors mean. However, 
I think it is well to bring the point out more clearly. The authors 
бау: 

" Assuming the direct current іп the winding as A, then the 
maximum value of the alternating current in any one phase of 
the alternating current end will be equal to 2 A or 0.667.” 

think that the authors should have said the current in the 
direct current leads instead of the winding, otherwise, the value 
would be double that stated in the paper. 

I think the prmcipal point in connection with the interpole 
and its use on synchronous converters, is the point raised by 
Dr. Steinmetz, and that is, the greater capacity that can be ob- 
tained for momentary overloads. If, as Mr. Burnham pointed 
out in his remarks, the momentary overload on a machine 
without injurious sparking can be increased to four times as much 
on the machine without interpoles, it is possible to use small 
machines in interurban railway substations. In other words, 
we could, in many cases, put in 200-kw. machines where 400-kw. 
machines are now used, which would mean economy. 

The principal reason, I think, whv this has not been done, has 
not been because the manufacturer did not want to do it, but 
because the operating engineers did not like to try the experi- 
ment. 

I hope that this paper will cause the operating people to try 
this experiment in some place, and I think that the result will 
astonish them, and it may result in a total revision in the prac- 
uc synchronous converter substation design on interurban 

ads. 

The authors of the paper state that the principal application 
would appear to be in that of 25-cycle, 600-volt converters. 
This, to my mind, is the smallest application. Тһе broadest 
application would be that of high-voltage rotarv converters, 
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and high frequency rotary converters, and also, as stated above, 
for rotary converters when installed on loads which are greatly 
fluctuating. 

It would seem to me that the conclusions which the authors 
rcach relate morc to the svnchronous converter substations in- 
stalled on city loads rather than on loads such as are usually 
found in interurban service. 

One point which Mr. Lincoln spoke about in his discussion 15, 
that with synchronous converters the alternating-current circuit- 
breaker opens and thus limits the damage in case of а short 
circuit. This is, of course, true. With the ordinary direct- 
current generator, driven by some form of alternating-current 
motor, the action of the circuit-breaker is not so quick, that is, 
the alternating- current circuit-breaker does not open as quickly, 
and the flash-over which is the cause of the short circuit will 
- cause greater damage than on the rotary converter. 

Mr. Lincoln speaks of the flashover as being caused by the 
sudden change in the current flow due to the circuit-breaker 
opening. I do not think this is usually the cause. My con- 
ception of the flash-over is that 1% is caused more by the sudden 
increase in current, which necessarilv forms more or less gas at 
the point of contact of the brush and commutator. This gas is 
of low conducting value, and 1t 1s not only immediatelv beneath 
the brush but surrounding the brush, and on account of the low 
resistance of this gas a large arc 1s formed bv the current passing 
through the gas, which creates more gas, and due to the fact 
that the commutator is revolving away from the brushes a part 
of this gas and the arc are carried over to the next brush holder 
and cause the flash-over. 

To sum up, I think the principal advantayes in the use of the 
interpole on synchronous converters is the possibility of using 
small machines to do the same work that larger machines are 
used for; the possibility of building successful high voltage ma- 
chines, and the possibility of building high frequency machines 
of large capacity. 

C. A. Adams: At the last meeting Professor Franklin pre- 
faced his remarks by the statement that he found it difficult 
to divorce himself from the attitude of the teacher. I find 
myself in that same state of mind to-night. The first thought 
that came to me when reading this paper was that it would be 
an excellent one for purposes of instruction. 

The greatest difficulty in teaching a subject of this kind is to 
bring about a thorough understanding of the phenomena in- 
volved. This cannot be done for the average student bv a 
mathematical analvsis of the problem іп hand; but, since а 
mathematical analysis is much easier to prepare than a clear 
verbal exposition, and since some algebraic formulation is 
generally necessary for purposes of computation, the average 
author feels that he has covered the ground if he adds a few 
words of explanation to his mathematical solution. There 
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results an abuse of formulae by those who do not understand 
their true inwardness and a general lack of appreciation of 
mathematical analysis on the part of others. 

It is therefore a great pleasure to read such an admirably clear 
verbal presentation as that which appears in the paper under 
discussion. It is sure to be a great help to students of this sub- 
ject. I congratulate the authors most heartily. 

I had hoped to present a simple algebraic analysis showing the 
quantitative relations between the kilowatts per pole of a вупсһто- 
nous converter.and some of its fundamental design constants, 
but it is not yet finished and in any case would better appear.in 
print as a communication. 

B.G. Lamme: I will take up a little time in answering some 
of the points brought out in this evening’s discussion, but will 
not attempt to answer them in full. I also have a few addi- 
tional points which I would like to bring out, which were not 
included in the paper of the evening, because it would have 
made it of undue length. | 

Reference has been made to the use of converters with very 
large overload capacities for interurban practice, and it was 
stated that for such a service interpoles would be advantageous. 
While not contending that interpoles would not be advantageous, 
I will call attention to the fact that for interurban service as now 
carried on, most of the converters furnished have been of 200 
to 500 kw. capacity. Such machines, as now built, have a rcla- 
tively small capacity per pole and therefore their commutating 
eonditions as regards overload, etc., can be very much better 
than in very large capacity converters with large outputs per 
pole. Consequently, a modern design of a 300-kw., 600-volt 
converter, for instance, should allow commutation up to three 
or four times full load without excessive sparking, and even 
much higher than this without flashing. I have seen such 
machines loaded until the limit was found in the current- 
carrying capacity of the brushes and not in the sparking. How- 
ever when machines of greater capacity are taken into account, 
with much larger outputs per pole, then with excessive overloads 
the advantages of interpoles will become much more pronounced. 

Reference has also been made this evening to the use of inter- 
pole converters on 1200- and 1500-volt circuits and it has been 
intimated that interpoles bring up the possibility of making 
2400-volt converters for 25 cycles, and also high-voltage, high- 

requency converters, 1200 volts presumably being meant by 
this latter. Some reference was also made to the use of inter- 
poles for helping the commutation of high-voltage converters 
Which, it was intimated, suffered somewhat in comparison with 
600-volt machines due to poorer proportioning of slots, etc., 
оп account of the high-voltage winding. 

ave gone into this problem of high voltage direct current 
generators and converters to a very considerable extent and, 
according to my figures, I find that the real limit in such ma- 
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chines 15 not in the commutation as much as in the mechanical 
conditions, such as peripheral speed of the commutator, thick- 
ness of commutator bars, etc., and also in the permissible voltage 
between bars. To illustrate this, let us assume а 25-cycle, 
1500-volt converter. To begin with, the peripheral speed of the 
commutator, as mentioned in the paper, 1s equal to the alterna- 
tions per minute multiplied by the distance between adjacent 
neutral points on the commutator. This 15 a general law and ap- 
phes in all cases regardless of frequency, number of poles or 
revolutions per minute. Let us assume, on our 25-cycle ma- 
chine, a commutator peripheral speed of 5,000 ft. per minute, 
which is pretty high. This gives a distance of 20 in. between 
adjacent neutral points and this is the maximum distance which 
can be obtained with this peripheral speed and frequency, re- 
gardless of the number of poles and revolutions per minute, or 
апу other conditions. Assuming a thickness of a single com- 
mutator bar plus its mica as 3% in. which every body will admit 
to be very thin, then the total number of bars which can be 
placed in this 20-1п. space will be 107. With 2400 volts this 
gives about 22} volts per bar as the average. This is much 
higher than is considered good practice іп 600 volt machines, 
and naturally опе would not expect to do better with 2400 volts 
than with 600 volts. In fact, for the same margin of safety, 
as a whole, we should have somewhat better conditions with 
2400, or even 1200 volts, than is required with 600. However, 
with 107 commutator bars, which was given as possible, it may 
be practicable to operate at 15 volts per bar average, which 
will give, roughly, a 1600-volt machine as a possibility on 25 


cycles. It should be remembered, however, that this is on the | 


assumption of 5,000 ft. per minute speed of the commutator and 
36 in. thickness of commutator bar plus mica. Any reduction 
in the peripheral speed, or increase in the thickness of the bar, 
will at once lead to a smaller number of bars with acorrespond- 
ingly higher voltage between bars. As an example of the 
approximate limit to the average voltage per bar, the company 
which I represent has in the past, furnished a large number of 
converters for 600 volts with 36 commutator bars per pole, 
giving 16$ volts рег bar average. From long experience, this 
appears to be rather close to the limit and on later designs 
of 600 volt machines this voltage per bar has been reduced about 
20 per cent. 

Next, considering a high-frequency, high-voltage converter, 
and again, assuming 5,000 ft. commutator peripheral speed for a 
60-cvcle machine, then the distance between adjacent neutral 
points оп the commutator becomes 8.4 іп. With 3% in. of bar 
plus mica, this gives 45 bars аз the maximum number. For 
1200 volts this means almost 27 volts per bar average, which I 
would consider as entirely too high for low-voltage machines. 
It should be noted that in neither of these cases has the question 
of interpoles been brought in, and the use of interpoles cannot 
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in any way affect these conditions. The use of two windings 
and commutators in series on the same armature might be con- 
sidered, but the arrangement is awkward and complicated. 

As to the commutation of a high-voltage machine being 
inferior to a low voltage, this would not necessarily be true. 
On the contrary, the commutation should be better in some 
instances. Assume, for example, that the commutator has a 
certain number of commutator bars for 600 volts with one arma- 
ture turn per bar. If the number of commutator bars is doubled 
for the 1200 volts, then the number of armature turns per com- 
mutator bar would remain the same. If the same number 
of poles were used at 1200 volts as at 600, then the current per 
conductor would be halved and the commutating conditions 
would be about twice as good as on the 600 volt machine. How- 
ever, in practice this result will not always be obtained, for the 
number of poles may be reduced somewhat in the high voltage 
machines, except in the smaller capacities, such as 300 to 500 kw. 
where а small number of poles is already used for 600 volts. 
However, taking everything into account it would appear that 
in general the commutating characteristics of 1200-volt ma- 
chines of the usual capacities ought to be as good as, or better 
than, those of 600 volts regardless of the question of interpoles. 

The statement was made this evening, that it was found in 
general that 150-kw. per pole was about the limit of output which 
would be obtained with ordinary non-interpole converters. 
This figure agrees fairly well with those given in our paper, but 
attention should also be called to the fact that this rating per 
pole is also approaching close to the limit of cost, that is, when 

the output per pole goes much above this a larger number of 

poles can be used with practically the same cost per machine. 
The point has been brought out this evening that the real 
held for the interpole commutator is where the loads are very 

Intermittent and where the peaks are very high and of com- 

paratively short duration, such as in certain classes of railway 

Service, etc. In general I agree that it is wrong to put in a larger 
machine to do a certain service, simply to obtain momentary 
overload capacity. If a 200-kw. machine, for instance, can 
handle a. certain average service, while a 400-kw. machine 1$ 
installed simply to take the swings or pcaks, then if the smaller 
machines can be made to take these swings by the use of inter- 
Poles, and cannot be made to do it without the interpoles, the 
interpoles will certainlv represent an improvement in such cases. 

п the other hand, it must be bornein mind that in small units, 
Such as from 200 to 400 kw., the machines would be made 

normally with four poles and, such being the case, then with well 

Proportioned windings the commutating characteristics of а 

-kw. machine can be made considerably better than those of a 

400- w. relative to its normal rating; that is, the 200-kw. ma- 
chine could be made to commutate almost as much total over- 
load as the 400, while its average losses are considerably lower. 
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Such а 200-kw. machine could possibly be made of a somewhat 
cheaper construction, if 1ts inherent commutating characteristics 
were sacrificed somewhat and then again improved by the use of 
interpoles. However, part of the gain from the reduction in the 
size of the machine 15 lost 1n the addition of interpoles. Оп the 
whole, however, such a machine with interpoles may be some- 
what more suitable for very intermittent service than the equiva- 
lent non-interpole machine. But, when it comes to large 
capacity units for very intermittent service, then the use of a 
smaller rating machine, corresponding to the average load, would 
naturallv tend toward the choice of a higher speed when such 
is possible, and the conditions result in those mentioned in the 
paper as being advantageous for interpoles. For instance, if a 
1500-kw. machine 1$ required for very intermittent service, іп 
which the average load 1s 750 kw., then we might take a machine 
with a smaller number of poles than required for the 1500-kw. 
rating. With this smaller number of poles and higher speed, 
the extreme limit of commutation would naturally be lower than 
on the 1500-kw. slower speed size, and therefore bv the addition 
of interpoles the commutating limit may be raised so that this 
smaller machine would handle the same peak service as the 
larger machine. In such a machine the real limit is not 1n the 
mechanical conditions, such as the commutator construction, 
but in the commutating characteristics, and therefore it could 
advantageously be made of the interpole type consistently with 
the conclusions drawn in the paper. 

In the discussion this evening, the assertion has been made 
several times that the interpole type ‘of converters will not flash 
апу more readily on short circuit than the non-interpole type. 
In reply to this I will say that this is a very difficult question 
to determine definitely in commercial service, as it is difficult 
to find exactly comparable conditions. Reports which I have 
reccived from time to time in regard to 600-volt interpole con- 
verters in actual service are to the effect that the operators of 
the machines considered them somewhat more sensitive on short 
circuit than the non-interpole type, although under normal opera- 
tion, and especially under heavy overloads, the comparison 15 
shphtlv in favor of the interpole type. However, as stated 
before, it is difficult to make an exact comparison, for two dif- 
ferent size converters, built along the same designs, will not 
always operate exactly alike. It seems to me in regard to this 
question of flashing on short circuit, that the real remedy is to 
eliminate, as far as possible, the cause. of the short circuits. 
Violent short circuits on large railway systems are liable to 
cause troubles other than in the converters themselves and every 
endeavor should be made to reduce the short circuits to a 
negligible number. If the short circuits can be made infrequent 
enough, then anv possible difference which there may be betwcen 
the interpole type and the non-interpole type as regards flashing 
would be of no moment. It should be noted also, that such 
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short circuits are confined almost entirely to railway service, 
while in industrial power service and in lighting they may be 
considered as extremely rare. 

Some question has been raised this evening regarding the 
statements in the paper that in case of sudden overload or short 
circuit the alternating-current and direct-current magneto- 
motive forces will not balance each other and that the machine 
will operate momentarily as a direct-current generator, with a 
correspondingly high armature reaction. The basis of the 
criticism is that the converter, being a synchronous machine, 
cannot change its speed except for a very short period, namely, 
that occurring within a small fraction of one cycle, otherwise 
the machine would fall out of step. Рог such a small change іп 
speed, it was argued, very little energy could be given up as a 
direct-current gencrator as there is not enough stored energy in 
the converter armature to give up much energy as a direct-cur- 
rent generator without falling out of step. 

At first thought, such an argument seemed reasonable, but | 
One answer to it is found in the operation of a synchronous con- 
verter on a single phase circuit. In such operation the energy 
supplied to the alternating current end falls to zero twice in each 
cycle, while the direct-current output remains practically constant. 
The alternating-current input must therefore vary from zero 
to far above the direct-current output of the machine. The 
converter must therefore act as a direct-current generator, for a 
brief period, twice during cach cycle. When it is considered 
that such a converter can operate with more or less sparking up 
to three or four times full-load current, or even much more, 
depending upon the design of the machine, it is obvious that the 
converter can deliver verv heavy outputs momentarily as a 
“rect-current machine without falling out of step. 

Also, а little calculation will show that with an ordinary design 
of synchronous converter the stored energy in the armature is 
such that, in dropping back as much as 45 electrical degrees in 
Position, the armature could give up an enormous energy com- 
E With its normal rated capacity. If it were not for this it 
a not be possible to run the machine on heavy load оп a 
тше рһаве circuit. 

a 13 all I will say in regard to the points brought up in the 
Sm үш However, there are several points I want to bring 
5. S On with the paper itself. In the first part of the 
icem Stated that the ampere turns on the interpoles of a 
Шс 1. generator are always greater than the ampere 
all caco bu armature winding. This statement 1s not correct in 
1. a in those arrangements which depart from this rule, 
D ent gencrators and converters would be affected in 
in the г. “ау so that for comparative purposes the statement 

When he may be considered as correct. | uM 
сеа ге аге as many interpoles as there are main poles 1t 1s 

9 Say that the ampere turns on the interpoles should 
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always be greater than on the armature. However, іп some 
cases, especially on small machines, the number of interpoles on 
direct current machines is made only half as great as the number 
of main poles. There are several advantages in this arrange- 
ment and they apply equally well to generators and synchronous 
converters. Obviously where only half as many interpoles are 
used the commutating flux or field of each interpole must be at 
least twice as strong as when the full number of interpoles is used, 
as the opposing e.m.f. set up by the interpoles must be sufficient 
to overcome the e.m.f. of self-induction, regardless of the number 
of interpoles. This opposing e.m.f. need not be distributed 
over the whole armature coil, but could be located over either 
side of the commutated coils or even along a short portion of 
its length. It is only necessary that this opposing e.m.f. should 
have the proper valuc, while the distribution of it seems to be of 
relatively less importance. It should be understood, however, 
that the usc of half the interpoles 15 permissible only with drum- 
wound armature windings, where cach armature coil spans 
approximately one pole pitch. Ring-wound armatures require 
the full number of interpoles. 

Experience shows that when but half the number of interpoles 
is used the demagnetizing ampere turns, or those which directly 
oppose the armature magnetomotive force, should have about 
the same value per interpole as when the full number is used. 
However, the effective ampere turns which set up the commu- 
tating flux must be doubled in value, as just stated. Therefore 
the total ampere turns per interpole would be greater than when 
the full number of interpoles 1s used, but the total number of 
ampere turns on all the interpoles is much less than with the 
full number of interpoles. In consequence, there 15 a very con- 
siderable saving in the amount of copper required. 

On account of the increased number of ampere turns per 
interpole when half the number of poles 1s used, the interpole 
leakage will be increased in proportion. This 1s particularly 
objectionable on large machines where the design of the inter- 
pole becomes difficult on account of magnetic leakage. There- 
forc this arrangement is usually confined to small machines. 

A very considerable advantage in this arrangement 1s that 
the ventilating conditions are improved due to the fact that the 
interpoles and main poles do not so completely enclose the arma- 
ture, for, with alternate interpoles omitted, the circulation of air 
between the armature and the ficld poles can be materially im- 
proved. 

With interpole converters, with their smaller ampere turns 
per interpole, the omission of alternate interpoles will not have 
as much influence on the general design as in the case of direct- 
current generators. Ав the interpole ampere turns are only 
about 35 per cent as great as on a direct-current machine, and 
as about half is useful and half demagnetizing, it is evident that 
the useful component would readily be doubled, thus doubling 
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the useful flux, while the total leakage would still be far less on a 
direct-current machine. Therefore the smaller number of inter- 
poles is much better adapted to the synchronous converter than 
to the direct-current generator. 

In the converter the use of the small number of interpoles 
also possesses a further advantage. In the case of a short cir- 
cuit, and assuming a negative field to be set up by the armature 
reaction, as described in the paper, the use of half the number of 
interpoles would cut this reverse field to half value. In conse- 
quence, any flashing tendency would be proportionately re- 
duced. Half the neutral spaces being without mterpoles, and 
the other half having interpoles, it is evident that such an 
arrangement should be practically midway between a non-inter- 
pole and a full interpole converter as regards any flashing 
tendencies. 

It is also evident that with half the number of interpoles the 
ventilating conditions will be improved just as оп the direct- 
current generator. | 

Тһе lower leakage іп the interpoles of the convertcr allows 
another material difference between the design of the converter 
interpoles and those of the direct-current generator. -In ordinary 
direct-current generators, especially those of large capacity, 
the interpoles, as a rule, are made almost the full width of the 
armature core, principally in order to maintain a lower satura- 
ton of the interpole core. As the width of the interpoles is 
vaned the leakage flux varies practically in proportion to the 

Width, but the total useful flux remains practically constant. 

Therefore, with wider interpoles the flux density due to the com- 

bined leakage and useful fluxes will be lower than if a narrower 

pole were used, and the saturation will be correspondingly re- 

Wed. In the interpole converter, however, the leakage flux 

eng so much lower than in a direct-current generator, it is 
evident that the useful flux: could be correspondingly increased 
while maintaining no higher saturation than on a direct-current 
machine. This, therefore, permits a much narrower interpole 
on the converter than on a direct-current machine. As the 
aoe becomes narrower than the armature the reverse 

ld which may be set up on short circuit also should be pro- 

Poruonatel y reduced, so that with interpoles of practically 

ү width of the armature, the conditions should be practi- 

as equivalent to those where half the number of poles is used, 

int г as flashing conditions are concerned. The usc of narrow 
. should also allow better ventilation than when the 
= Width is used. Narrower interpoles, of course, allow con- 
: rably less copper for the same total number of ampere turns. 
diner unless the interpoles can be made less than half the 
Eri | the armature, the amount of copper required for this 
ai th would be still greater than would be required with 

У halt the number of interpoles, each of full width of the 
armature, 
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There are many other points in connection with the use of 
interpoles on converters which were not mentioned in this 
paper. I will describe briefly а few interesting features which 
are encountered in the design of such machines, but which are 
not found in direct-current machines. 

One of these concerns the application of dampers to interpole 
converters. It is found that the usual distributed cage type of 
damper supplied with self-starting converters is not directly 
applicable to the interpole converter. Dampers are supplied 
to synchronous converters for two purposes, namely, to prevent 
hunting and to obtain good self-starting conditions. To prevent 
hunting the damper should be thoroughly distributed through 
and around the pole face in the form of numerous low resistance 
bars or rods which are joined together at each end by low re- 
sistance connectors. There may or may not be any connection 
between the dampers on adjacent poles. In practice, with well 
proportioned dampers, such connection between the poles may 
be of some benefit, but this is difficult to determine as far as 
hunting 1s concerned. Those conductors embedded in the pole 
and immediately surrounding it appear to give all the damping 
action which is necessary if the damper is well proportioned. 

However, when it comes to self-starting converters, that is, 
those which are started and brought up to speed by direct 
application of alternating-current to the collector rings, it is 
claimed by some designers that the interconnection between 
the adjacent dampers is of benefit at the moment of starting, 
by reducing the tendency toward dead points or points of very 
low starting torque. When started in this manner the armature 
of the converter becomes the primary of an induction motor, 
while the cage damper in the field poles becomes the equivalent 
of a cage winding оп the secondary of an induction motor. It 
is claimed that the interconnection between the dampers to 
form a complete cage allows better polyphase action in the 
secondary winding. Any beneficial result of this should show 
in more uniform torque at start, but not to any pronounced 
extent in the apparent input required to start the converter 
and bring it up to speed. 

When hunting occurs the magnetic field in the main poles 1s 
alternately shifted or crowded toward one pole edge or the other 
and the parts of the damper embedded in and immediately 
surrounding the pole face arc particularly effective in preventing 
such shifting. Also, the lower the resistance and the better 
distributed this damper, the more effective it appears to’ be in 
general as regards damping. 

On the other hand, for sclf starting, the damper, acting as a 
cage secondarv of an induction motor, will have the character- 
istics of such secondary and therefore for best and most uniform 
starting torque conditions, a relatively high resistance is de- 
sirable and a continuous cage is usually preferred. Іп conse- 
quence, the two conditions of best damping and best starting 
are, to a certain extent, opposed to each other. 
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In the use of a continuous cage damper is found a difficulty 
in the application of interpoles to the synchronous converter. 
If adjacent dampers are connected together, as shown in Fig. 1 
then the interpole between the two main poles is actually sur- 
rounded by the low resistance damper circuit, a condition which 
is very objectionable, as explained in the paper. Conse- 
quently, the usual arrangement of the cage damper for 
self starting is not advisable on ап  interpole con- 
verter which is subject to sudden fluctuations in load. Іп 
other words, the continuous cage damper should not be used, 
or its design should be modified very considerably, in the case of 
self-starting converters, which are subject to considerable 
fluctuations in load in service. If the continuous cage construc- 
tion is desired, the individual dampers might be connected 
together by high resistance connectors. 

A second interesting point 1п the design of interpole converters, 
but not found in direct-current generators, comes up in connec- 
поп with the copper loss in the tap coils, that is, those armature 
coils which are tapped directly to the collector rings. As is well 
known to those familiar with synchronous converter design, 
the copper loss in the tap coils 
of a rotary is relatively high 
compared with the avcrage loss 
in all the coils, the loss per coil 
falling off to a minimum value 
between the taps. Тһе real 
limit in carrying capacity of the 
armature is fixed Бу the heating 

Fic. 1 of the tap coils and not by the 

| armature copper ав а whole. 

It is possible to overload an armature so that the tap coils will 

foast out while the remaining coils will show very much less 

signs of heating. The heating in these tap coils also increases 

rapidly as the power-factor of the alternating-current input is de- 

creased, the output remaining constant. Therefore by reducing the 
power-factor of a converter while keeping the direct-current 
Output constant it is possible to roast out the tapcoils. The 
true limit of heating in a converter armature thercfore is found 
in these coils. Herein is found a difference bewteen the inter- 
pole and the usual non-interpole converter. In the non-intcr- 
pole type, as usually constructed, the armature coils are of the 
ractiona] pitch or “ chorded ” type іп which the ‘ throw " 
Or span ” of a coil is one or more slots less than the pole pitch. 
The primary object of this is to improve commutation. In the 
ordinary direct-current winding there are two coils in each slot, 
опе above the other. With a full pitch winding, when the 
upper coil is being commutated or reversed the lower coil in 
the same slot is also being reversed so that the e.m.f. of self- 
and mutualinduction of the commutated coils is duc to the 
reversal of the local field of both upper and lower commutated 
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coils in the slot. With а fractional pitch winding, the upper 
coil which is being commutated lies in a different slot from the 
lower one which is being commutated at the same instant. 

This same arrangement of fractional pitch winding puts the 
upper tap coil in a different slot from the lower one so that the 
maximum heating does not occur in the upper and lower coils 
in the same slot, as would be the case if a full pitch winding were 
used. "Therefore, with a fractional pitch winding the heating 
is somewhat better distributed than in the full pitch winding. 
However, with interpoles, a full pitch winding would naturally 
be used, as a fractional pitch winding would mean a relatively 
wide interpole with a corresponding increase in distance between 
the main poles. Therefore with the full pitch winding used with 
interpole converters the heating duc to the tap coils will be more 
concentrated than in the non-interpole tvpe. In other words, 
the machine will have less maximum capacity unless more copper 
is used in the armature coils, ог an inferior type of interpole 
construction is used in order to allow a fractional pitch winding. 
This looks like a minor point, but when it is borne in mind that 
in modern converter designs the starting point in the design of 
the armature winding is the permissible copper loss in the tap 
coils, and not the armature copper loss as a whole, the import- 
ance of this point may be seen. 

A third point, not mentioned іп the paper but which concerns 
design as well as operation, is found in self-starting converters. 
In such machines the alternating current is applied directly to 
the alternating-current end of the converter and a rotating mag- 
netic field is set up, just as in the primary of an induction motor. 
This field travels around the armature at a speed corresponding 
to the frequency of the supply circuit and the number of field 
poles and all the armature coils in turn are cut by this traveling 
ficld. Those coils which are short circuited at the commutator 
bv the brushes form closed secondary circuits and secondary . 
currents are set up bv the alternating field just as 1n commu- 
tating type alternating-current motors at start. Ав soon as the 
converter gets in motion the short circuit is transferred from coil 
to coil but the short circuit current must be broken as each coil 
passes out from under the brushes and this results in more or 
less sparking, depending on the size and general proportions of 
the machine. Ц is a question to what extent this sparking 15 
dependent upon the normal commutating characteristics of 
the armature winding. Other things being equal, presumably 
the better these characteristics the less should be the sparking 
and burning at the brushes when the converter is self started 
from the alternating-current end. On this basis then, а con- 
verter armature designed with poor commutating characteristics 
and in which the commutation at svnchronous speed 15 ас- 
complished bv interpoles, should spark considerably more when 
starting than a converter which has inherently very much 
better commutating characteristics. 
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Some mention has been made this evening in connection with 
the split pole, in calling it the small pole and the interpole. 
Under certain conditions the small pole in the split-pole con- 
verter does act as an interpole, but it is not an interpole in the 
sense of the commutating pole referred to in this paper. 

The small pole is usually placed close to one of the main 
poles, thus allowing a fairly wide interpolar space between itself 
and one of the adjacent large poles and a verv narrow space to 
the other large pole. Commutation occurs usually in the wider 
interpolar space and not under the small pole itself as is the case 
in the true interpole machine. The direct-current e.m.f. is 
generated by the resultant field due to one large pole and the 
small pole which is closest to it. When these two have the 
same polarity the direct-current e.m.f. is highest and when they 
are of opposite polarity it is lowest. However, the alternating- 
current e.m.f. is due to the flux of two adjacent polcs, a large 
and a small one, of like polarity. It is evident therefore that 
the maximum alternating-current e.m.f. will coincide іп position 
with the direct-current only at the highest direct-current e.m.f.; 
that 15, when both fluxes included іп опе direct-current circuit 
are of the same polarity. At lowest direct-current e.m.f. when 
one direct-current circuit includes two fluxes of opposite polarity, 
it is obvious that the maximum alternating-current e.m.f. 
must be shifted circumferentially with respect to the direct- 
current. The alternating-current magnetomotive force will 
also be shifted in like manner with respect to the direct-current 
and the resultant of the two will vary both in height and position 
with variations in the strength and dircction of the flux of the 
small pole. 

At highest direct-current e.m.f. a coil which is being com- 
mutated lies midway between poles of opposite polarity and the 
conditions resemble those in an ordinary converter as regards 
commutation. At the lowest direct-current e.m.f. the commu- 
tated coil lies midway between two poles of like polarity and 
there will be a field flux in the interpolar space in which the 
armature coil must commutate. The direction of this ficld 
may be such that it will assist in commutation; that is, it will 
tend to overcome the higher magnetomotive force of the arma- 
ture currents resulting from the alternating-current and direct- 
current magnetomotive forces being shifted with respect to 
cach other, as just mentioned. Therefore this interpolar field 
flux may act in a very beneficial manner under certain condi- 
tions. However, if this flux is in the right direction for assisting 
commutation when transforming from alternating-current to 
direct-current, it will evidently be in the wrong direction when 
operating from direct-current to alternating-current. Also, 
this field flux in the interpolar space will vary with any variations 
п the strength of the small pole; that is, with any change in the 
direct-current voltage, although the currents in the armature 
may be unchanged. Also, this interpolar field may remain of 
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constant strength, while wide changes may occur in the armature 
currents, and thus in their resultant magnetomotive forces. It 
is obvious therefore that this interpolar flux can be equivalent 
to a true interpole of proper strength and polarity, only under a 
very limited range of operation. 

In conclusion I mav say that, as brought out in the paper, 
the real field for interpoles in synchronous converters is found 
in connection with higher speeds and large outputs per pole. 
I am an advocate of the highest speeds which the public will 
stand, up to the point where no further real gain in cost and 
performance is obtained. If this highest speed in converters 
is such that interpoles are of material benefit, then in such ma- 
chines we may look forward to the use of interpoles. However, 
for the relatively low speeds represented by much of our present 
practice the use of interpoles can be considered as only a rela- 
tively small improvement, concerning which there тау be 
honest differences of opinion regarding the commercial valuc. 
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Meeting of A. I. E. E. im New 
York February 10, 1911 


The two hundred апа fifty-sixth 
meeting of the American Institute of 
Electrical Engineers will be held in the 
auditorium of the Engincers’ Building, 
33 West 39th Street, New York City, on 
Friday, February 10, 1911, at 8:15 p.m. 
The meeting will be under the auspices 
of the Institute electric lighting com- 
mittee. Mr. William B. Jackson, of 
Chicago, will present a paper entitled 
“ Advantages of Unified Electric Sys- 
tems Covering Large Territories." The 
paper is printed elsewhere in this issue 
of the PROCEEDINGS. 


Pittsfield-Schenectady Mid- 
year Convention 
The Pittsfield-Schenectady Mid-Year 
Convention will be held on Tuesday, 
Wednesday and Thursday, February 


14, 15 and 16. А tentative program of 
the papers to be presented is as follows: 


TUESDAY AFTERNOON 
Монахчк GOLF CLUB, SCHENECTADY 
High Tension Testing of Insulating 

Material, by A. B. Hendricks. 
П vsteresis and Eddy Current Exponents 
for Silicon Steel, by W. J. Wooldridge. 
Commercial Problems of Transformer 
Design, by Н. В. Wilson. 


EVENING SESSION 


Design, Construction and Tests of an 
Artificial Transmission Line, by Т.Н. 
Cunningham. 

Protection of Electrical Transmission 
Lines, by Е. Е. В. Creighton. 

Tests of Grounded Phase Protector on the 
44,000- Volt. System of the Southern 
Power Company, by C. I. Burkholder 
and R. H. Marvin. 

Tests of Losses on High Tension Lines, by 
С. Faccioli. 


WEDNESDAY— PITTSFIELD Day 


Mechanical Forces in Magnetic Fields, 
by C. P. Steinmetz. 

Problems in the Operation of Trans- 
formers, by F. C. Green. 

The Regulation of Distributing Trans- 
formers, by C. E. Allen. 

Temperature Gradient in Oil-Immersed 
Transformers, by James Murray 
Weed. 

Dissipation of Heat from Self-Cooled 
Oil- Filled Transfermer Tanks, by J. J. 
Frank and Н. О. Stephens. 


THURSDAY, MOHAWK GOLF CLUB, 
SCHENECTADY 


MORNING SESSION 
Oil-Break Circuit Breakers, by E. В. 


Merriam. 

Proposed Applications of Flectric Ship 
Propulsion, by W. L. К. Emmet. 
Voltage Regulation of Generators, by 

Н. А. Laycock. 
Briefs on Vector Rotation, by E. J. 

Berg and W. 8. Franklin. 

The general plan of the meeting is 
as follows: It is proposed to open the 
sessions on Tuesday afternoon in order 
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that members Нот New York and 
other eastern points will have the op- 
portunity to reach Schenectady before 
the opening of the meeting. If weather 
conditions permit it is hoped to demon- 
strate corona on the 200,000-volt test 
line at the lower end of the General 
Electric Company's plant. 

On Wednesday morning a special 
“ solid " Pullman train will leave about 
eight o'clock for Pittsficld. Оп arrival 
at Pittsfield there will be an inspection 
of the works, lunch, and the meeting, 
all at the Pittsfield plant of the General 
Electric Company; dinner in the evening 
at the Hotel Wendell, and a special 
train back to Schenectady. 

The Thursday morning session will 
be held again at the Golf Club; lunch 
will be served at the General Electric 
Company's works, after which there 
will be a tour of inspection of the com- 
pany's plant. 

It should be understood that the 
above program is tentative. "The final 
program, giving specific information as 
to the exact order of the exercises, 
hotels, trains, etc., will be covered fully 
in a special circular which will be avail- 
ble in advance of the convention. 


Institute Meeting at Boston 
February 17, 1911 


The two hundred and fifty-seventh 
meeting of the American Institute of 
Electrical Engineers will be held in the 


auditorium of the Edison Electric 
Illuminating Company, 39 Boylston 


Street, Boston, Mass., on Friday even- 
ing, February 17, 1911. Тһе meeting 
will be held under the auspices of the 
Boston Section of the A.I.E.E., with 
the coóperation of the Boston Society 
of Civil Engineers and the American 
Society of Mechanical Engineers. А 
paper entitled “ Unlimited Intercon- 
nection of Electrical Networks " will 
be read by Mr. R. A. Philip, of the 
Stone and Webster Engineering Cor- 
poration. The paper covers a study of 
the factors governing the extension and 
growth in transmission systems and 
—their interconnection, assuming con- 


~ 
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stant potential conditions throughout 
a system. 


Institute Meeting New York 
March 10, 1911 


The two hundred and fifty-eighth 
meeting of the American Institute of 
Electrical Engineers will be held in the 
auditorium of the Engineers’ Building, 
33 West 39th Street, New York City, 
on Friday evening, March 10, 1911, 
under the auspices of the Industrial 
Power Committee, Mr. Norman T. 
Wilcox, chairman. The American So- 
ciety of Mechanical Engineers will co- 
operate in' the presentation of papers, 
and in the discussion. 


Pacific Coast Meeting Los 


Preparations for the Institute meeting 
at Los Angeles, Cal., on April 25, 26, 
27 and 28, 1911, are now being made 
by the local committee appointed by 
President Jackson, consisting of the 
following Members and Associates: 


Los Angeles Section : 
J. E. Macdonald, Chairman, 
5. H. Anderson, 
V. L. Benedict, 
I. T. Dyer, 
O. H. Ensign, 
J. A. Lighthipe, 
E. F. Scattergood. 


Associate Members of the Committee 
A. H. Babcock, San Francisco, Cal. 
S. С. McMeen, San Francisco, Cal. 
C. L. Cory, Berkeley, Cal. 

H. J. Ryan, Stanford University, Cal. 

L. B. Cramer, Portland, Oregon, 

А.А. Miller, Seattle, Wash. 

J. B. Fisken, Spokane, Wash. 

Important papers will be presented 
under the auspices of the high-tension 
transmission, railway, and telegraphy 
and telephony committees, which are 
expected to give valuable information 
regarding Pacific coast practice in 
various developments. АП members 
who contemplate a trip to California 
will find this a desirable opportunity, 
as the local electrical companies are 
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cooperating with the committee to 
promote every facility for the informa- 
поп and entertainment of visitors. 
The program will include trips to Edison 
plants and excursions to Santa Ana 
Canyon, Mount Lowe, and probably 
Catalina Island. Additional details 
will be published later, but inquiries 
will receive attention if addressed to 
V. L. Benedict, Local Secretary, Los 
Angeles Fire Alarm Company, Los 
Angeles, Cal. 


Institute Meeting at Toronto, 
Ont., April, 1911 

A meeting of the Institute, under the 
auspices of the Toronto Section, will be 
held in Toronto, Ontario, early іп 
April 1011. Тһе exact date has not 
been definitely decided upon, but will be 
announced in the March PROCEEDINGS. 
At this meeting a paper will be presented 
by Мг. W. S. Murray, electrical engi- 
neer of the New York, New Haven 
and Hartford Railroad Company, deal- 
ing with an analysis of electrification 
and its practical application to trunk 
lines for freight and passenger opera- 
tion. 


A.I.E.E. Reception and Ball, 
Hotel Astor, New York City, 
February 28, 1911 

For some vears past it has been the 
custom for the Institute to hold an 
annual dinner, which has been made the 
occasion of some special feature, as for 
instance the presentation of the Edison 
Medal to Dr. Elihu Thomson in March, 
1910, the twentv-fifth anniversarv of 
the organization in the Institute in 
1909, etc. 

At the meeting of the Board of Di- 
rectors held on January 13, upon recom- 
mendation of a committee previously 
appointed, 1 was decided that the 
annual function this year shall be in 
the form of a reception and ball, which 
will be held in the grand ballroom of 
the Hotel Astor, New York City, on 
Tuesday evening, February 28, 1911, 
at nine o'clock, "The price of tickets 
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is $2.50 per person, which will include 
supper. Applications for tickets should 
be sent to Institute headquarters, 33 
West 39th Street, New York City, 
accompanied by cash or check payable 
to R. W. Pope. 

President Jackson has appointed the 
following committee on the manage- 
ment of the reception: Messrs. Bancroft 
Gherardi, chairman, F. C. Bates, Theo- 
dore Beran, H. W. Buck, George H. 
Guy, F. L. Hutchinson, T. C. Martin, 
Frederick А. Muschenheim, W. 5. 
Rugg, S. D. Sprong, Paul Spencer, 
Gerard Swope, Arthur Williams. This 
committee is actively engaged in making 
the necessary arrangements, and a large 
attendance of members апа their 
guests is anticipated. 

A prominent feature of this function 
will be the presentation of the Past- 
Presidents’ badges, and it is therefore 
expected that as many Past-Presidents 
as can possibly do so will be present 
on this occasion. Тһе idea of соп- 
ferring upon outgoing presidents of the 
Institute a badge or insignia of office in 
commemoration of the services геп- 
dered by them to the Institute has 
been under consideration for over a year, 
and the proposed presentation is th: 
result of the work of the special com- 
mittee appointed to consider and reper: 
upon the matter, consisting of Messrs. 
David B. Rushmore, Chairman, Severn 
D. Sprong, and Charles W. Stone. 


Future Section Meetings 


CLEVELAND 
Тһе Cleveland Section will hold its 
next meeting on "Monday evening, 
February 20, 1911. The meeting will 
be in charge of Dr. E. P. Hyde, of the 
National Electric Lamp Association, 
and papers upon thc following subjects 
will be presented: '‘ Street Lighting 
with Mazda Lamps '’, by J. E. Henniger 
" Physiology of Glare”, by P. W. 
Cobb; ' Production of Artificial. Day- 
light", by Dr. Herbert E. Ives. 
Tloward Dingle, Secretary, 912 N. E. 

Building, Cleveland, Оһо. 
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Mapison, Wis. 

The next meeting of the Madison 
Section will be held on Tuesday evening, 
February 21, 1911, in the engineering 
building, University of Wisconsin. The 
following papers will be presented: 
“The Historical Significance of the 
Wisconsin Public Utility Law”, by 
К. С. Disque; “ Design and Construc- 
tion of the Gatun Power Plant ", by 
W. К. Woolrich. H. B. Sanford, 
Secretary, University of Wisconsin, Mad- 
ison, Wis. 


WASHINGTON, D. C. 

The February meeting of the Wash- 
ington Section will be held in the Tele- 
phone Building, Washington, on Tues- 
day evening, February 14. The sub- 
ject of the mecting will relate to power 
development іп the South. И. В. 
Stabler, Secretary, 722 12th Street, М. W., 
Washington, D. C. 


ToRoNTO, ONTARIO 

The date of the February meeting of 
the Toronto Section has not as yet 
been definitely decided, but the meeting 
will probably be held during the third 
week of the month. The following 
papers wil be read and discussed: 
“City of Winnipegs Hydroelectric 
Development ", and “ British Canadian 
Power Company's Hydro Electric De- 
velopment on the Matabitchouen River” 
These papers are to be presented before 
the convention of the Canadian Society 
of Civil Engineers in Winnipeg early 
іп February. 


Institute Meeting in New York 
January 13, 1911 

The two hundred and fifty-fifth 
mecting of the American Institute of 
Electrical Engineers was held in the 
auditorium of the Engineers! Building, 
33 West 39th Street, New York City, 
on Friday, January 13, 1911. The 
meeting was called to order by President 
Jackson at 8:15 p.m. Тһе Secretary 
announced the election of 111 Associates 
bv the Board of Directors at its meet- 
ing held during the afternoon, and the 


transfer of Kalman von Kando to the 
grade of Member. 

President Jackson then introduced 
Professor Harris ). Rvan, of Stanford 
University, Cal. who presented а 
brief abstract of his paper on '' Open 
Atmosphere and Огу Transformer ОЙ 
as High-Voltage Insulators” and a 
communication from Mr. E. L. West, 
on ' High Voltage Line Loss Tests 
Made on the 110-Kilovolt, 60-Cvcle, 
I80-Mile Transmission Line ot the 
Central Colorado Power Company, 
both of which appeared in the January 
PROCEEDINGS. The papers were dis- 
cussed by Dr. M. I. Pupin, Messrs. 
Ralph D. Mershen, С. Faccioli, С. D. 
Steinmetz, and William Stanley. 


Directors’ Meeting, January 13, 
1911 

The regular monthly mecting of the 
Board of Directors of the American 
Institute of Electrical. Engineers was 
held at 33 West 39th Street, New York 
City, оп Fridav, January 13, 1911. 
The directors present were: President 
D. C. Jackson, Boston, Маѕѕ.; Past- 
President L. B. Stillwell, New York; 
Vice-Presidents Р. М. Lincoln, Pitts- 
burg, Ра. Н. W. Buck, New York, 
P. H. Thomas, New York: Managers 
р. В. Rushmore, Schenectady, М. Y., 
W. G. Carlton, New York, С. W. Stone, 
Schenectady, №. У., Н. Е. Chifford, 
Cambridge, Mass., А. W. Berresford, 
Milwaukee, Wis., W. 5. Murray, New 
Haven. Conn., S. D. Sprong, New York 
H. H. Barnes, Jr., New York, C. E. 
Scribner, New York; Treasurer George 
A. Hamilton, Elizabeth, №. J.; and 
Secretary Ralph W. Pope, New York. 

Upon recommendation of the Sections 
Committee a Section was authorized 
at Detroit, Mich. 

One hundred and eleven candidates 
for membership in the Institute as 
Associates were elected. 

One hundred and nineteen applicants 
for enrolment as Students were ordered 
enrolled. 

Kalman von Kando, managing di- 
rector of Societa Italiana. Westinghouse 
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Vado Ligure, Italy, was transferred to 
the grade of Member. 

The names of the Associates elected 
and the Students enrolled are published 
elsewhere in this issue. 


Associates Elected January 18, 
1911 


ANDERSON, Lovie H., Superintendent, 
Ecuador Long Distance Telephone 
Co., Guayaquil, Ecuador, S. A. 

Васнах, ALEXANDER EMANUEL, Stu- 
dent, Stevens Institute of Technology 
Hoboken; res, 173 Hutton St., 
Jersey City, М. J. 

BERG-HANSEN, BIRGER, Manager, Tys- 
sedal, Hardanger, Norway. 

BRANDT, GERHARDUS JOHAN GILLES, 
Electrical Engineer, Banka Tin Mines 
Banka, Dutch East Indies. 

BRUDERLIN, FRANK, Central Colorado 
Power Company, 1210 17th St.; res., 
1250 Arapahoe St., Denver, Colo. 

CHaMpion, Roy B., Acting Supcrin- 
tendent, Board of Public Works; res., 
98 West 16th Street, Holland, Mich. 

Conn, PERCY Low, Inspector, Pennsyl- 
vania Tunnel & Terminal R.R., New 
‚ York Citv; гев., 38 Schermerhorn 
St, Brooklyn, N. Y. 

Соре, E. S., Engineer, Westinghouse 
Electric & Mfg. Co., 206 Central 
Bldg.; res., 1612 Boylston Ave., 
Seattle, Wash. 

COFFEY, WILLIAM JOSEPH, Meter Test- 
ег, N. У. & Queens Elec. Lt. & Pr. 
Со.; res, 148 W. 122nd St., New 
York City. 

Davis, Rae W., Assistant Engineer, 
Allis-Chalmers Со.; res., 521% 63rd 

| Avenue, West Allis, Wis. 

Davis, WiLLIAM DE OZRO, Assistant 
Chief Electrician, Atchison, Topeka 
& Santa Fe Ry. Co.; res., 410 Madi- 
son St., Topeka, Kansas. 

DENHARD, Harry WILLIAM, Electrical 
Heating Engincer, Cutler-Hammer 
Mfg. Со. res., 1618 Grand Ave., 
Milwaukee, Wis. 

DOUGLAS, Jonn FREDERIC HOWARD, 
Instructor in Electrical Engineering, 
Sibley College, Cornell University; 
res., 103 Quarry St., Ithaca, N. Y. 


ASSOCIATES ELECTED 37 


Easton, CHARLES L., Superintendent 
of Power, San Joaquin Light & 
Power Co., North Fork, Cal. 

ELLicoTT, EpWARD BEACH, Chief Elec- 
trical Engineer, Sanitary District of 
Chicago, 1500 American Trust Bldg.; 
res., 6229 Winthrop Ave., Chicago, 
IH. 

FAUCETT. IRVING THOMPSON, 
Place, Stamford, Conn. 

FiRTH, HAROLD WILLIAM, Chief Elec- 
trical Engineer, Great Eastern Rail- 
way, Liverpool St. Station, London, 
Е. C., England. 

FiskE, GEORGE, Assistant Arc Lamp 
Specialist, General Electric Co.; res., 
236 Е. Егіс St., Chicago, Ill. 

FLASHMAN, HORACE West, Engineer, 
Westinghouse Electric & Mig. Co., 
165 Broadway; res., 27 West 125th 
St., New York City. 

GATES, AUSTIN B., 103 N. Electric Ave., 
Alhambra, Cal. 

GAYLORD, JOUN CLARENCE, Assistant 
Professor in Electrical Engineering, 
University of Southern California, 
Los Angeles, Cal. 

GEE. PauL McDANIEL, Student, Gen- 
eral Electric Co.; res., 1016 Albany 
St., Schenectady, N. Y. 

GLYNN, ALBERT ]ОЗЕРН, Electrician, 
Pittsburg Filtration Plant; res., Mar- 
рагене & №. Euclid Aves., Pitts- 
burg, Pa. 

Gomo, BERNIE L., Chief Electrician, 
Great Northern Power Co., Fon du 
Lac, Minn. 


Ridge 


GREENWOOD, WALTER KENDALL, Town 
Engineer, Orilla, Ont. 

HAMMOND, Harry B., Electrical Sales- 
man, Westinghouse Electric & Mfg. 
Co., 165 Broadway; res., 127 West 
62nd St., New York City. 

HARDENBERGH, JOSEPH Rock, Electri- 
cal Engineer, Western Electric Co.. 
463 West St.; res., 10 West 104th St., 
New York City. 

HARTMAN, FRED STEWART, District 
Manager, Industrial Пере. General 
Electric Co., 30 Church. St., New 
York City. 
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HARVEY, Harop G., Transformer 
Specialist, General Electric Co., 30 
Church St., res., 530 W. 136th St., 
New York City. 

HATFIELD, Huco BoswELL, City Fore- 
man, Underground Dept., San Fran- 
cisco Gas & Electric Со.; res., 1326 
Green St., San Francisco, Cal. 

HEDGES, GEORGE LUTHER, Designer, 
Kelman Electric & Manufacturing 
Co., Los Angeles, Cal. 

HENDERSON, Сокт!$ LAFAYETTE, Uni- 
versity of Tennessee; res., 618 Union 
St., Knoxville, Tenn. 

HocsHEAD, C. C., Chief Engincer, 
Roanoke Railway & Electric Co.; 
res., 1321 Chapman Ave. S. W., 
Roanoke, Va. 

HOWELL, CLIFTON HERBERT, General 
Electric Co., 1518 Park Building, 
Pittsburg, Pa. 

Номт, Louis Jonn, Electrical Engineer, 
Sandycroft Foundry Co., Ltd., Sandy- 
croft, near Chester, England. 

HUNTINGTON, ROBERT CHARLES, Elec- 
trical Draftsman, М. У. & N. H. R.R., 
res., 600 Howard Ave., New Haven, 
Conn. 

HUTCHINSON, GEORGE ELLIs, Electrical 
Engineer, Crocker- Wheeler Co., Am- 
pere; res., 122 North 17th St., East 
Orange, N. J. 

JACOBSON, ALLAN FREDERICK, Manager 
Maintenance Dept., James Кешу" 
Sons Co., 122 Centre St., New York 
City. 

JACOBSON, JOSEPH HERMAN, Electrical 
Enginecr, Board of Supervising Engi- 
neers, 181 La Salle St., Chicago, Ш. 

JAGGER, CLAUDE A., Electrical Engi- 
neer, Industrial Control Engincering 
Department, General Electric Co., 
Schenectady, N. Y. 


JOSEPHS, LYMAN COLT, JR., Inspector 
of Electric Locomotives, Penn. Tun- 
nel & Terminal R.R. Co.; res., 332 
West 58th St., New York City. 

KEPLINGER, WILLIAM LINCOLN, Newton 
Gas & Electric Co., Newton, N. J. 

KROENER, GEORGE ARCHER, District 
Sales Agent, Ohio Brass Co., 30 
Church St., New York City. 


Lewis, FREDERICK HUMPHREVILLE, 
Consulting Engineer, Hagerstown, 
Maryland. ; 

Готт, MERRILL Rowe, Electrical Engi- 
neer, Telluride Power Co., Provo, 
Utah. А 

LUCAS, SAMUEL MERRILL, Assistant to 
Electrical-Engineer, Union Switch & 
Signal Co., Swissvale; res., 7810 
Bennett St., Pittsburg, Pa. 

Lutes, EUGENE, Telephone Engineer, 
New York Telephone Co., 15 Dey St., 
New York City; res., 12 Webster 
Ave., Jersey City, М. J. 

MAcMunRAY, ORRIN, Assistant Chicf 
Cost Clerk, Crocker-Wheeler Co., 
Ampere; res., 42 North 16th St., 
East Orange, N. J. 

Mano, Bunyt, Professor of Mechanical 
Engineering, College of Engineering, 
Imperial University, Tokyo, Japan. 

Mayor, WILLIAM ALBERT, Electrical 
Engineer, Induction Motor Engincer- 
ing Dept., General Electric Co., Lynn, 
Mass. 

McELYEA, HARLEY Boone, Installer, 
Automatic Electric Co., Chicago, Ill.; 
res., Ames, Iowa. 

MEAD, DANIEL WEBSTER, Consulting 
Engineer, 401 State St.; res., 1015 
University Ave., Madison, Wis. 

MOORE, WILLIAM ALEXANDER, Testing 
Dept., General Electric Co.; res., 205 
Seward Place, Schenectady, N. Y. 


MorRETON, Davin PENN, Associated 
Professor Electrical Engineering, 
Armour Institute of Technology, 
Chicago, Ш. 

MORKILL, RUPERT FALSHAW, Electrical 
Engineer, Union Switch & Signal 
Co., 30 Church St.; res., 529 West 
111th St., New York City. 

Morss, EVERETT, President, Simplex 
Electrical Company, 201 Devon- 
shire St., Boston, Mass. 


Morss, Henry A., Vice-President, 
Simplex Electrical Co., 201 Devon- 
shire St., Boston, Mass. 

Мотт, HowARD WALWORTH, Instructor 
in Applied Electricity, Stuyvesant 
High School, 345 East 15th St., New 
York City. 
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Мсвғнү, Howard Ешуүм, Electrical 
Erecting Engineer, Allis-Chalmers 
Co., Milwaukee, Wis. 

NAUGLE, PHILIP DANIEL, Electrical 
Machinist, Puget Sound Navy Yard, 
Bremerton, Wash. 


NEVILLE, WILLIAM JOHN, Enginecr, 
L. L. Summers & Co., 1337 Ist 
National Bank Bldg.; res., 6426 


Sangamon St., Chicago, Ill. 

NICHOLS, HERBERT Lewis, Electrical 
Engineer, H. M. Byllesby & Co., 228 
La Salle St., Chicago, Ш. 

NIGHTINGALE, RICHARD, Draftsman, 
Navy Yard, Puget Sound, Bremerton, 
Wash. 

NORTON, PHILANDER, Electrical Engi- 
neer, Western Electric Co., 463 West 
St.; гез., 154 West 13th St., New 
York City. 


№ оте, Epwin L., Mechanical Engineer, 
Connecticut. River Power Co., Ver- 
non, Vermont. 


Расе, Roy, Draftsman, Southern Pac- 
fic Co., 1110 Flood Building, San 
Francisco; res., 2642 College Ave., 
Berkeley, Cal. 


PERCIVAL, JOHN THOMAS, Jr., Electrical 
Draughtsman, Washington Water 
Power Co., res., 1113 Maxwell Ave., 
Spokane, Wash. 

PERRY, CLARENCE Curtiss, Instructor 
of Physics, Sheffield Scientific School, 
Yale University; res., 868 Elm St., 
New Haven, Conn. 

PETERS, ORVILLE SHERWIN, Laboratory 
Assistant, National Bureau of Stand- 
dards; res., 1448 Rhode Island Ave., 
N. W. Washington, D. C. 

Quick, Ray Lewis, Engineering Sales- 
man, Niles-Bement-Pond Co., 111 
Broadway, New York City; res., 426 
West Mill St., Ithaca, М. У. 


RADFORD, JOHN WILLIAM BARLOW, 
Acting Chief Assistant Engineer, 
Madras Electric Supply Corporation, 
Ltd., Madras, South India. 


REED, TAYLOR, Standardizing Labora- 
tory, General Electric Со.; res., 16 
University Place, Schenectady, N. Y. 
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RICHARDS, KEENE, Electrical Enginecr, 
South Park Commissioners, 57th St. 
& Cottage Ave.; res., 5137 Madison 
Ave., Chicago, IIl. 

RIDGELY, HOLLAND PERSINGER, Elec- 
trical Engineer, Milwaukee Electric 
Railway & Light Co.; res., 2411 Cedar 
St., Milwaukee, Wis. 

ROBBINS, THOMAS W., Electrical and 
Mechanical Engineer, Aspen, Colo. 
ROBINSON, CHARLES ALBERT, JR., Telc- 
phone Engineering, American Telc- 
phone & Telegraph Co., 15 Dey St., 

New York City. 

RousH, LEROY WALTER, Secretary апа 
Engineer, Gunnison Valley Power 
Co., Gunnison, Utah. 


RUNCHEY, JOHN AUSTIN, Superinten- 
dent Power House, Washington 
Water Power Co., Reardan, Wash. 


RUTHERFORD, HARRY K., Chief Elec- 
trician, American Smelters:Securities 
Co., Velardena, Durango, Mexico. 


RYAN, ARTHUR THOMAS, Student Engi- 
neer, General Electric Co.; res., 232 
Liberty St., Schenectady, N. Y. 

SCHRODT, JOHN Рнплр, Electrical Engi- 
neer, The Lansden Co., 233 High St.; 
res., 194 Hunterdon St., Newark, N.J. 

Scott, HAMILTON GRAy, Southern 
Manager, Shelby Electric Co., Shelby, 
Ohio. 


Scott, JAMES Носн, Chief Engineer, 


Converter Station, Dunedin City 
Corporation; res, 1 Smith St., 
Dunedin, N. Z. 


SEABRIGHT, HUBER ANDERSON, Elec- 
trical Engineer, Idaho Electric Supply 
Co.; res., 518 State St., Boise, Idaho. 


SHEEN, HERBERT LLEWELLYN, Electri- 
cal Engineer, Canadian General Elec- 
tric Co.; res., 125 Beverley St., 
Toronto, Ont. 


SHEKELL, FORREST LEON, Commercial 
Representative, Westinghouse Elec- 
tric & Mfg. Co., Charleston, W. Va. 


SHERWOOD, WILLIAM RAYMOND, Sub- 
station Operator, Edison Electric 
Illuminating Co. of Brooklyn, 360 
Pearl St.; res., 50 Willow St., Brook- 
lyn, М.Ү. 
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SHIPPEE, WILBUR P., Superintendent of 
Power, United State Reclamation 
Service, Spanish Fork, Utah. 

SIPHER, EDWARD GLENN, Contracting 
Electrical Engineer, Lumberton, N.C. 

SMITH, WARREN PERCE, Isthmian Canal 
Commission, Corozal, Canal Zone. 

SPRUNG, ABRAHAM, Assistant Electrical 
Engineer, with Putnam А. Bates, 2 
Rector St.; res., 126 W. ИЗ St., 
New York City. 

STADEKER, GILBERT І., Electric Loco- 
motive Inspector, Pennsylvania Rail- 
road, New York City. 

STEWART, GEORGE EARLE, Manager 
Motor and Generator Sales, Sprague 
Electric Co., 527 West 34th St., New 
York City. 

STRAIT, EDWARD NATHAN, Inspector of 
Electric. Service, Railroad Commis- 
sion, Madison, Wis. 

TABER, Ray HOWARD, Graduate As- 
sistant, Elec. Engg. Dept., Worcester 
Polytechnic Institute; res., 6 Dayton 
Place, Worcester, Mass. 

TANZ, IsADORE, Engineering Assistant, 
New York Telephone Co., 15 Dey St.; 
res., 246 West 112th St., New York 
City. 

THATCHER, WALTER CHARLES, Engi- 
ncer, L. L. Summers & Co., Ist Na- 
tional Bank Bldg.; res., 451 East 46th 
St., Chicago, ПІ. 

TOWERS, ALAN CAMPBELL, Student, 
Cornell University; res., 119 Dryden 
Road, Ithaca, N. Y. 

VAIL, GEORGE SKINNER, Salesman, 
Westinghouse Electric & Mfg. Co., 
1004 New England Bldg.; res., 7414 
Linwood Ave., Cleveland, O. 

VAN KURAN, KARL EDWARD, Commer- 
cial Engineer, Westinghouse Electri- 
cal & Mfg.; res, Amber Club, 123 
№. Neglev Ave., Pittsburg, Pa. 

WALLOWER, EDGAR Z., Assistant Man- 
ager, Harrisburg, Light, Heat & 
Power Co.; res., 2101 Front St., 
Harrisburg, Pa. 

WARREN, FRANK SCHAEFER, Construc- 
tion Department, Pacific Gas & Elec- 
(гіс Co.; res., 110 Calistoga Avenue, 
Хара, Cal. 


WEEKS, HAROLD EASTMAN, Draughts- 
man, Electrical Dept., N. Ү., N. H. 
& H. R.R. Co., Mt. Vernon Trust 
Company Bldg., Mt. Vernon, N. У. 

West, EDWARD AUGUSTUS G., Assistant 
Engineer, Portland Railway, Light & 
Power Co.; 949 Crescent St., Port- 
land, Ore. 


WESTBROOK. LAWRENCE, Assistant to 
Manager, Apparatus Department, 
Hobson Electrice Co., ОаПав, Texas. 


WILKERSON, SAMUEL CHARLES, JR., 
Student, University of Arkansas, 
Favettville, Arkansas. 


WILLIAMS, FREDERICK THURSTON, Sales 
& Contract Agent, Roanoke Railway 
& Electric Co., Roanoke, Va. 


WORK, NORMAN RALPH, Mechanical 
Engineer, E. W. Clark & Co., 909 
Wyandotte Bldg.; res., 165 East 15th 
Ave., Columbus, Ohio. 


ZACHAU, CARL ERIC KRISTOFFER, Elec- 
trical Engineer, Shaw Electrice Crane 
Co., res., 139 3rd St., Muskegon, Mich 


ZACHRISSON, SAMUEL GUSTAF EINAR, 
Electrical Engineer, General Electric 
Со.; res., 220 Liberty St., Schenec- 
tadv, №. Y. 


ZANZIG, FRANK C., Assistant to Engi- 
neer of Cable Construction, American 
Steel & Wire Co.; res., 6 Paine St., 
Worcester, Mass. 


Applications for Election 

Applications have been received by 
the Secretary fron. the following candi- 
dates for election to membership in 
the Institute ав Associates. These 
applicaticns will be considered by the 
Board of Directors at a future meeting. 
Any Member or Associate objecting to 
the election of апу of these candidates 
should so inform the Secretary before 
February 25, 1911. 


10068 Beman, R.. Cleveland, O 

10069 Beurket. J. L., Honesdale, Pa. 
10070 Crim, L. P., Seattle, Wash. 
10071 Duckworth, W. Ja Pinawa, Man. 
10072 Fawks, M. E., Columbia, Mo. 
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10073 Foster, H. P., Chicago, Ш. 
10074 Henning,A.G., Minneapolis, Minn. 
10075 Hoock, T., Pittsburg, Pa. 

10076 Koontz, J. A.. Jr., Schenectady. 
10077 Lavine, S., Pittsburg, Pa. 

10078 Liekert, В. H., Chicago, Ш. 
10079 Lilley, C. E., Columbus, O. 
10080 Markowitz, A. J., Boston, Mass. 
10081 Myers, A. M., Hoboken, М. J. 
10082 Nims, A. A., Worcester, Mass. 
10053 Peterson, С. A., Wash., D. С. 
10084 Косар, C. C., New York City. 
10085 Ross, C., Costa Rica, C. А. 
10086 Schwenger, C. E., Toronto, Ont. 
10087 Stewart, R. R., Kansas City, Мо. 


10088 Tolman, С. E., Schenectadv, N. Y. 


10059 Wiggam, J. W., St. Louis, Mo. 
10090 Wyckoff, Е. B., Chicago, Ш. 
10091 Booth, W. E., Foxboro, Mass. 


10092 Dwight, H. B., Norman, Okla. 


10093 Cummins, А. C., Duquesne, Pa. 


10094 Faber, D. C., Milwaukee, Wis. 
10095 Hoskinson, C. M., San Francisco. 
10096 Leggett, F. H., New York City. 
10097 Moreland, E. L., Boston, Mass. 
10098 Townsley, F. P., Milwaukee, Wis. 
10099 Svensson, O. M., Toronto, Ont. 


10100 Eaton, O. E., Utica, N. Y. 


10101 Christian, C. H., Cleveland. О. 
10102 Benson, N. C., New York City. 


10103 Bloomer, F. F., Lynn, Mass. 
10104 Jones, A. A. Waco, Texas. 


10105 Michacl, Е. C., New York City. 


10106 Poe, J. K., Virginia City, Nev. 
10107 Wilson, H. R., Pittsfield, Mass. 


10108 Woolfenden, W. E., Roanoke, Va. 
10109 Arnold, H. S., New York Citv. 
10110 Darby,C.A., Junction City, Kans. 


10111 Fast, B. M., Joplin, Mo. 
10112 Graham, S. B., Chicago, Ill. 
10113 Henkhe, E., Manchester, Eng. 
10114 Knapp, M. F., Pittsburg, Pa. 


10115 Little, J. H., Schenectady, N. Y. 
10116 Martindale, E. H., Cleveland, О. 


10117 Merrill, A. P., Provo, Utah. 
10118 Peck, L. T., Philadelphia, Pa. 


101 19 Phelps, В. Ð., Crystal City, Mo. 
10120 Rosevear, M. B., Newark, N. J- 


10121 Webster, E. E., Chicago, Ill. 


10122 Willmann, W.F.,Somerville, Mass. 
10123 Witham В. L.. W. Lafayette, Ind. 


10124 Cowgil!, H. A., Columbus, О. 
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10125 Greenough, W. С., 
Mass. 
10126 Harmony, C. A., Centralia, Wash 
10127 Hough, C. W., Deadwood, D. 5. 
10128 Poroskv, M., Boston, Mass. 
10129 Rick, А. H., Pittsburg, Ра. 
10130 Street, O. D., New York City. 
10131 Reilly, F. C., Detroit, Mich. 
10132 Voss, А. N., Goldfield, Nev. 
10133 Weeks, L. S., Ponce, P. R. 
10134 Gorman, L. J., Hoboken, №. J. 
10135 Landgraf, T. H., Savannah, Ga. 
10136 Marsh, А. L., New York City. 
10137 Barrett, S. А., Brooklyn, N. Y. 
10138 Connard, C. E., Pittsburg, Pa. 
10139 Egbert, C. C., Niagara Falls, N. Y. 
10140 Fenkhausen, В. H., бап Fran- 
cisco, Cal. 
10141 Goodwin, H., Jr.. Phila., Pa. 
10142 Gunderson, С. G., Seattle, Wash. 
10143 Kalbach, А. E., New York City. 
10144 MacNeill, F. W., Calgary, Alberta 
10145 Rice, C. A., Youngstown, О. 
10146 Smith, J. А., Reardan, Wash. 
10147 White, J. K., Waynesboro, Va. 
10148 Bradley, А. L., Portland, Ore. 
10149 Currier, E. W., Los Angeles, Cal. 
10150 Ewart, Е. R., Toronto, Ont. 
10151 Nelson, Н. С., New York City. 
10152 Stephens, E., St. Louis, Mo. 
10153 Weil, M., New York City. 
10154 Witmer, С. 5., Canal Zone, Рап. 
10155 Feldhake, L. H., Touston, Texas. 
10156 Nystrom, C. W., Topeka, Kan. 
10157 Andrews, R., Persons, W. Va. 
10158 Badrian, B., Pittsfield, Mass. 
10159 Bowman, H. D., Londen. Ont. 
10160 Ensinget,F.C..San Francisco, Cal. 
10161 Hathaway, J. W., Brooklyn, N. Y. 
10162 Laurie, А. E., Brooklyn, N. Y. 
10163 Leamv, J. M., Winnipeg, Man. 
10164 Love, J. C., Sacramento, Cal. 
10165 Ritchie, F. E., Toronto, Ont. 
10166 Robbins, Е. A., Ames, Га. 
10167 Strauch, J. Z., Sacramento, Cal. 
10168 Battev, W. R., Los Angeles. Cal. 
10169 Curtis, Н. S., Portland, Ore. 
10170 Evans, C. T., Milwaukee, Wis. 
10171 Haybarker, V. H., Portland, Ore. 
10172 Maynard, И. V.. Toronto, Ont. 
10173 MeIntyre, N., Virginta Beach, Va. 
10174 Neville, W. H., New Orleans, La. 
10175 Parrish, S. M., Philadelphia, Pa. 


Worcester, 
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10176 Cellar, G. A., Pittsburgh, Pa. 
10177 Harris, L. H., Pittsburgh, Pa. 
10178 Hicks, G. E., Rico, Colo. 
10179 Hodes, H. J.. Baltimore, Md. 
10180 McMaster, R.K., Milwaukee, Wis. 
10181 Quinn, C. H.. Roanoke, Va. 
10182 von Rziha, E., Constantinople, 
Turkey. 
10183 Thomas,O.E., Jr., LosAngeles,Cal. 
10184 Haskins, B., Milwaukee, W1s. 
10185 Kephart, С. Г., San Francisco, Cal. 
Total, 117. 


Applications for Transfer 


The following Associates were recom- 
mended for transfer at the meeting of 
the Board of Examiners held on Janu- 
ary 13, 1911. Any objection to the 
transfer of these Associates should be 
filed at once with the Secretary. 


H. S. Wynkoop, Electrical Engineer, 
Dept. Water Supply, Gas and Elec- 
tricity, New York City. 


DANIEL W. Mean, Consulting Engineer 
and Professor of Hydraulic Engi- 
neering, University of Wisconsin, 
Madison, Wis. 


EVERETT Morss, President, Simplex 
Electrical Company, Boston, Mass. 


HENRY А. Morss, V. P., Simplex Elec- 
trical Company, Boston, Mass. 


EDWARD SCHILDHAUER, Electrical and 
Mechanical Engineer, Isthmian Canal 
Commission, Culebra, C. Z. 


5. J. LISBERGER, Engineer, Electrical 
Distribution, Pacific Gas and Elec- 
tric Company, San Francisco, Cal. 


Gustavo Loso, Partner and Chief 
Engineer, V. М. Braschi and Com- 
pany, City of Mexico, Mex. 


SAMUEL IRWIN CROOKES, Head of 
Electrical Engineering Department, 
The Technical College, Auckland, 
N. Z. 

Н. W. FinTH, Great Eastern Railway, 
London, England. 


REGINALD BELFIELD, Consulting Engi- 
neer, London, England. 
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Students Enrolled January 13, 
1911 


4067 Lightbody, J. N., Univ. of Wis. 
4068 Batchelle, W. T., Univ. of Wash. 
4069 Lovell, C. G., Syracuse University. 
4070 Daly, J. M., Syracuse University. 
4071 Tanzer, E. D., Syracuse Univ. 
4072 Wheeler, Е. S.. Syracuse Univ. 
4078 Aymerick, F. Е., Syracuse Univ. 
4074 Graham, В. D., Syracuse Univ. 
4075 Coast, L. E., Syracuse University. 
4076 Carroll, J. G., Texas A. & M. Coll. 
4077 Green, C. E., Texas A. & M. Coll. 
4078 Thanhciser, L. O., Texas A. & M. 
Coll. 
4079 Louwien, H., Jr., Tex. A. & M.Coll 
4080 Tarr, E. W., Mass. Inst. Tech. 
4081 Brackett, H. H., Mass. Inst. Tech. 
4082 Cooper, L. W., Mass. Inst. Tech. 
4083 Dexter, H. E., Mass. Inst. Tech. 
4084 Kannenstine, F. M., Wash. Univ. 
4085 Armstrong. G. H., Cornell Univ. 
4086 Atkisson, E. J., Cornell Univ. 
4087 Lockwood, F. H., Cornell Univ. 
4088 Nock, B. E., Cornell Univ. 
4089 Ripley, J. P., Cornell Univ. 
4090 Vantrot, L. R., Cornell Univ. 
4091 Wolff, W. W., Cornell Univ. 
4092 Newton, W. F., Throop Polv. Inst. 
4093 Fryer, Herbert, Mass. Inst. Tech. 
4094 Hurlburt, E. F., Univ. of Oregon. 
4095 Grout, Б. W., Univ. of Oregon. 
4096 Cockerline, H., Univ. of Oregon. 
4097 Currin, H. P., Univ. of Oregon. 
4098 McGuire, J. P., Univ. of Oregon. 
4099 Scullen, A. W., Univ. of Oregon. 
4100 Kendrick, W. H., Purdue Univ. 
4101 Scholl, W. E., Purduc University. 
4102 Barnett, W. F., Purdue Univ. 
4103 Hanley, W. A., Purdue Univ. 
4104 Legue, J. B., Purdue Univ. 
4105 Binder, H. P., Purdue Univ. 
4106 Reese, T. J., Purdue Univ.. 
4107 Humphrey, R. E., Purdue Univ. 
4108 Мопіѕоп, С. W., Purdue Univ. 
4109 Baker, H., Purdue University. 
4110 Blaschke, F. J., Purdue Univ. 
4111 Blair, N. D., Univ. of Washington. 
4112 Philips, R. C., McGill Univ. 
4113 Ovall, N. K., McGill Univ. 
4115 Falcke, J., McGill Univ. 
4116 Murphy, М. H., McGill Univ. 
4117 Kemp, H. D., Mass. Inst. of Tech. 
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4118 Schneider, Е. J., Colorado College. 
4119 Hille, E. W., Colorado College. 
4120 Hayward, C. E., Colorado College. 
4121 Jenkins, J. E., Kan. State Agr.Coll 
4122 Moore, W. D., Kan. StateAgr.Coll. 
4123 May, G. P., Kan. State Agr. Coll. 
4124 Heard, W. L., Kan. State Agr.Coll. 
4125 Krotzer, Е. W., Kan. St. Agr. Coll. 
4126 Wolfe, R. M., Kan. State Agr. Coll 
4127 Breese, C. S., Kan. State Agr.Coll. 
4128 Melvin, H. L., Wash. State Coll. 
4129 Braley, R. P., Univ. of Illinois. 
1130 Dormitzer, М. R., Univ. of Ш. 
1131 Steingard, J. N., Univ. of Illinois. 
4132 Myers, F. E., Armour Inst. Tech. 
4133 Anderson, C. S., Mass. Inst. Tech. 
1134 Bean, H. E., Syracuse University. 
1135 Davies, H. R., Syracuse Univ. 
1136 Guibord, J. W., Syracuse Univ. 
1137 Mandeville, L. H., Case Sch. Sci. 
1138 Gregory, P. S., McGill Univ. 
1139 Kurtz, F. W., Rensselaer Poly.Inst 
4140 Satterlee, L. H., Renss. Poly. Inst. 
1141 Willey, J. O., Rensselaer Poly Inst. 
1142 Stevens, J. H., Renss. Poly. Inst. 
1143 Vining, R. N., Renss. Poly Inst. 
1144 Kaighin, R. T., Case School Sci. 
1145 Brooks, F. E., Case School Science. 
4146 Branch, H. C., Case Sch. of Sci. 
1147 Maloney, C. J., Case School Sci. 
4148 Nickell, L. A., Univ. of Missouri. 
4149 Boissonnault, F., Univ. of Wash. 
4150 Young, A. W., Jr., Univ. of Texas. 
4151 Fairchild, J., Oregon Agr. Coll. 
4152 Gaines, S. N., Univ. of Texas. 
1153 Ward, J. E., Univ. of Texas. 
1154 Manley, E. T., Univ. of Texas. 
1155 Kuhn, F., Univ. of Texas. 

4156 Deichman, K. S., Univ. ot Texas. 
4157 Stemmons, B. L., Univ. of Texas. 
4153 von Blucher, J. F., Univ. of Texas. 
4159 Weisser, F. L., Univ. of Texas. 
1160 Cole, T. R., University of Texas. 
4161 Kollock, С. J., Ga. School of Tech. 
4162 Еъу, E. E., Ohio State Univ. 
4163 Kremer, C. J., Univ. of Nebraska. 
4164 Bratton, L. G.. Univ. of Nebraska. 
4165 Balch, E. C., Univ. of Mich. 
4166 Leidig, L. J., Univ. of Mich. 
4167 Roller, L. H., Armour Inst. Tech. 
4168 Borden, R., Oregon Agr. College. 
1169 McMillan, Е. O., Oregon Agr. Coll. 
4170 Gerhart, R., Throop Poly. Inst. 
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4171 Bishop, R., Univ. of Michigan. 
4172 Sackheim, S., Armour Inst. Tech. 
4173 Sittinger, C. J., Mass. Inst. Tech. 
4174 Stewart, C. R., Penn. State Coll. 
4175 Kaylor, P. P., Univ. of Wash. 
4176 Humphreville, W. E., Jr., Mass. 
Inst. Tech. 
4177 Parks, L. C., University of Oregon. 
4178 Kestly, J. J., Univ. of Oregon. 
4179 Kenkel, F., Univ. of Oregon. 
4180 Perkins, А. А., Univ. of Oregon. 
4181 Kellogg, W. D., Georgia Sch. Tech. 
4182 Pugsley, E., Mass. Inst Tech. 
4183 Kitchen, A. P., Penn. State Coll. 
4184 Cook, H. B., Univ. of Cincinnati. 
4185 Kressly, H. C., Penn. State Coll. 
Total, 119. 


Nominations 

For the purpose of giving informa- 
tion to the membership in connection 
with future nominations for officers of 
the Institute, after the distribution of 
the nomination forms, in February, 
the following by-law was adopted by 
the Board of Directors November 13, 
1908: 


SEC. 18. For the guidance of members in the 
selection of nominees for the annual election 
there shall be published in the January and 
February PROCEEDINGS, each year, a summary of 
the nomination votes of the preceding year 
containing the names of all persons having re- 
ceived at least three per cent of the entire num- 
ber of nomination votes cast, and also the names 
of all directors not included in this list and of 
ex-Vice-Presidents and Managers who have held 
office at any time during the preceding five years: 


In compliance with this by-law the 
following list has been compiled: 


GENERAL PROPOSAL LIST, APRIL, 1910 


NOTE: Names printed іп italics 
indicate that these officers were elected 
and their terms began on August 1, 
1910. 

FOR PRESIDENT 


Dugald С. JGCRSON еее: 728 
Calvert-Townléy. ым: Lo eee cree ess 35 
C.-C Chesney icin BIS аа OA RW 34 
FOR VICE-PRESIDENTS 
P. ПИ. ТАотаз........................... Boe 
H- W- Bück uana рии 300 
B- Gy то sean Оаа 265 
Morgan ВгооЕ5.......................... 196 
А: Мо: 5сһоей; су: жж aS eoe ES 148 
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FOR MANAGERS 
Henry Eloy. зығы ал Ры ЖЕ АЗ 226 
IH. AD Darmes, УР. ge aa ERA 207 
Со НЕ а 191 
Ne We БЕТЕР 282b ey EE NV Rab ees 137 
IPS aS. PUR Rie ыйын к VEA ere aes Ede 127 
No INCA esca n Ра Шаа rto a ud 114 
В.С. DCR шген ее бирде көлі 100 
НВ бт Ы Ма ЫРЫБЫ А ЫН Т» 99 
І.Есбівуепесыс аралы аған 58 
E- Вегросоомкваеч да т е AERE Ede 50 
МН Il TR 47 
iE РЕНАТ MT лд қа СО 44 
Pe Junkersfeld; ese о ноа 41 
НУМО Е ce Pn Но 41 
А.М Hunt sis s ee! ea ok hee Seta eae ка 40 


FOR TREASURER 
Geo. А. Патон ъа whe ee cee 860 


FOR SECRETARY 


Ralph W. Popes: ies RS BLAS 864 
Pol Ни АҺ ой... икке ex та қар 51 


PRESENT DIRECTORS NOT INCLUDED 
IN ABOVE GROUPS 


A. W. Berresford 
Willard G. Carlton 
John J. Carty 

H. E. Clifford 
Louis А. Ferguson 
Paul M. Lincoln 
Wm. 5. Murray 
Henry H. Norris 
David B. Rushmore 
Paul Spencer 

5. D. Sprong 
Lewis B. Stillwell 
Charles W. Stone 


EX-VICE-PRESIDENTS AND MANAGERS 
WHO HAVE HELD OFFICE DURING 
THE LAST FIVE YEARS NOT IN- 
CLUDED IN ABOVE GROUPS 


A. H. Armstrong 
Frank G. Baum 
Gano Dunn 
Charles L. Edgar 
W. C. L. Eglin 
Bancroft Gherardi 
W. E. Goldsborough 
H. H. Humphrey 
C. O. Mailloux 
Samuel Reber 
George F. Sever 
Samuel Sheldon 
Henry G. Stott 
Charles A. Terry 
Jas. G. White 


A Protest Against 
** Deceleration’’ and Like 
Barbarisms 


BY С. О. MAILLOUX 


In the discussion at the meeting of 
December 9, 1910, the use of the word 
‘ deceleration ", by one of the speakers, 
prompted me to make а vehement 
protest against such absurd words, 
and to make a plea in behalf of decent 
technical American English. My re- 
marks relative to this objectionable 
word have been expunged from the 
discussion, as being really extraneous 
to the subject of the paper under dis- 
cussion. There are so many, however, 
who cannot distinguish between the 
real and the counterfeit, in technical 
word-coinage, that “ deceleration "" will 
continue to grow in popularity, unless 
attention is called publicly to its 
spurious character. I am glad, there- 
fore, to accept the suggestion of the 
editing committee, that my views about 
this word, and others of the same stamp, 
be published in the PROCEEDINGS. 

I have combatted and decried the 
words “ deceleration" and “ decel- 
erate " for several years, in my lectures 
on clectric traction. The students who 
have heard my reasons for condemning 
these words, know that these words 
should have no place at all in the vo- 
cabulary of an educated engineer. They 
put a premium upon ignorance and 
carelessness in diction, There are 
many persons, however, who, while 
ridiculing the language of the man 
“who seen his duty and done it”, 
would be impressed with the seeming 


‘“accomplishments ” of the man who 
uses “ smart-looking '’ words like “ de- 
celeration " and ''decelerate ". As а 
matter of fact these words are entitled 
to no more standing and consideration 
than the most ludicrous “ improvisa- 
tions” of negro-character impersona- 
tors. И is really as bad form to use the 
one as the other. 

The proper word to express the idea 
inlended to be conveyed, but not con- 
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veyed at all, by  '' deceleration,” is 
“retardation ", which has, апа has 
had for a century or more, a well de- 
fined and generally accepted meaning in 
physics and in mechanies, as every well 
informed engineer or scientist knows. 
Hence, there is no necessity whatever 
for any new word. In England, they 
laugh at the verv suggestion of such 
unnecessary, absurd words ав "'de- 
celeration" and * decelerate ”; and 
they are perfectly right. 

Because we have, in the English 
language, many words which are formed 
by prefixing the letters de to some other 
word or portion of word, some persons 
think that we only necd to put de 
before any word, good or bad, right or 
wrong, to obtain, legitimately, a first- 
word which adds to the 
" richness " of our vocabulary, and the 
“ renown" of the inventor,--we ought 
to зау, rather, ‘ fabricator "—of the 
word. The absurdity of this idea should 
have become apparent to the champions 
of " deceleration "..— Their idea is that 
“ deceleration ” is symmetrical in form 
with " acceleration.” What about the 
two good Anglo-Saxon words ''start ” 
and "stop", which also express con- 
trary "states of motion ". Why not 
improve (?) upon the old fashioned 
lfnguage, and say “ de-start "" instead 
of "stop", or else say “ de-stop ” 
instead of * маг”. Again, instead of 
speaking about trains going "up" 
grade or down " grade, why not speak 
of going " de-up " or else “ de-down ". 
The number of such ‘improvements ” 
which could be made, on the same 
general principles, is very large; but 
the above “ samples " suffice to illus- 
trate the principle. Any person having 
due respect for propriety and precision 
i language, is shocked in his eves ог 
bis ears, т seeing ог hearing such 
* de-formed " expressions, Por this rea- 
son. T urged all those in ту hearing, at 
the meeting, to. discountenance words 
hike " deceleration " and “ decelerate ”, 
and to " forget” them themselves, and 
try to induce everybody else to do so. 


class new 
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As another instance of the craze for 
coining new words beginning with de. 
I may mention the word demounting, 
which I saw in print recently, used as 
the substitute for dismounting, by a 
concern which ought to be ashamed 
of such barbarisms. 

The only way to stop such language, is 
for self-respecting engineers who have a 
high regard for precision and dignity 
of language to desist from using them 
and to discourage them in every and 
any way, and especially for the Ameri- 
can Institute of Electrical Engineers not 
to promote them by publishing them 
іп its TRANSACTIONS. 

After the meeting some members 
expressed doubt that the words “ de- 
celeration " and ‘ decelerate” were 
barbarisms. It was even asserted to me 
that these words were in reality “all 
right” in an etymological or philo- 
logical sense. Since these * doubters ' 
were “ college-bred ", and really should 
know better, it is not surprising, per- 
haps, that the uncducated and the ig- 
norant should have been impressed 
with the “ sound " or the ‘ looks оЁ 
these words. For this reason it has 
seemed to me desirable to supplement 
my remarks concerning these words bv 
a statement ot the reasons why thev are 
illegitimate, barbarous and inadmissible. 
The matter should be settled for good. 

Let us first look at the * credentials ” 
of the words which are recognized as 
proper and correct. by scientists. and 
lexicographers, to designate aecclera- 
tion and its antonym, namely, accelera- 
поп, accelerate, retardation, and re- 
tard. These words are all unquestion- 
ably genuine, being direct importations 
from the well established, good, pure 
Latin words, acceleralio, accelerare, re- 
tardatio, and retardure, which were in 
the vocabulary of the best Roman 
writers of the Augustan period, and 
used by them in very much the same 
sense as all good writers of the present 
dav use them. There can be no ques- 
tion, therfore, as to the legitimacy of 
their origin, and the precision of their 
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meaning. They are entitled to rank 
among the best and most apposite 
and approved technical words in the 
English language. Their use 1$ ас- 
ceptable to and is approved by all 
authorities in all English speaking 
countries. 

Let us now look back at the words 
'" deceleration "апа “ decelerate ". We 
sce at once that they are “' parvenu ” 
words, which, like the mule, can have 
no “ pride of ancestry or hope of pos- 
terity." They are an artificial and un- 
natural or “ hybrid ” '* product ". The 
word '' deceleration " presupposes and 
postulates the existence of the Latin 
word ''celerat1i0 ", combined with the 
private Latin preposition de. Unfor- 
tunately, there never was any such 
word as ''celeraHo " or '' сеіеғаноп ”. 
cither in Latin or in any other language. 
Furthermore, there is no possible justifi- 
cation whatever for the hypothetical 
word “ celeratio " in Latin, because the 
good pure Latin word '' celeritas " from 
which we get the good English word 
'" celerity " answers the very purpose 
and conveys the very meaning of that 
hypothetical word. Hence, if we in- 
sisted оп making a new word Бу pre- 
fixing de to a substantive derived from 
the Latin verb '' celerare ", we should 
have to say ''de-celerity "; and the 
lovers of new “imposing "" words would 
at once ‘ derive " from this the new 
and "''smart-looking " verb “ decel- 
critate ", which would really, though 
obviously absurd, mcan just as much as 
'" decclerate ". The truth is that such 
words would not mean retardation at 
all. 

The Latin verb ‘accelerure’’ was 
originally formed by prefixing an tn- 
tensive preposition (ad) to the verb 
celerare, giving “ adcelerare ", which, Бу 
the rules for Latin euphonic ortho- 
graphy, became accelerare. It cannot 
be denied that there 1$ considerable 
difference in “intensity " between 
“© celerare " and “ accelerare ". It is 
the difference between “Бе quick” 
апа ' make great haste '", or between 
“ going quickly " and “ going as quickly 


as possible ". Assuming, now, that it 
is allowable to manufacture such a word 
as decelerate, from de and celerare, that 
word could not possibly be the antony m, 
or have the opposite meaning of '' ac- 
cclerate ". It might, perhaps, express 
and imply a “ diminution ” of '' celer- 
ity ", but that 16 not retardation, by 
any means. 

To get the opposite or the antonym 
of acceleration or accelerate, we must, 
in each case, apply a privative preposi- 
tion, such as de or dts to the whole of 
the word. It might be allowable, thus, 
to say de-acceleration or dis-acceleratton, 
and also de-accelerate or dts-accelerate; 
but, even assuming that there 1$ по 
barbarism here, it would still be a grave 
question whether the meaning conveyed 
was not merely “ ceasing to accelerate "' 
which, again, is obviously quite a dif- 
ferent thing from ''retardalion " and 
“ retard". These terms imply contrary 
or negative acceleration, as everybody 
knows. The counterfeit terms '' de- 
celeration" and '' de-celerate " cannot 
possibly be stretched enough to cover 
any such meaning without breaking all 
the rules of good diction and good sense. 

The above analysis should suffice to 
dispose effectually of any pretense that 
the words ‘deceleration’? or “ de- 
celerate " have any justification what- 
ever. 


99 


All persons who kave any respect for 
good diction should unite to discourage 
and discredit such barbarous expres- 
sions. 


------- -- ----------- 


Self-Supporting Sections 
ВУ D. B. RUSHMORE 

The development of the Sections 
has been the most marked and the most 
promising feature of Institute activity 
during the last few усагз. A movement 
now on foot, which may lead to the 
formation of a New York Section, will 
complete the change of the body from 
a local to a truly national footing. Un- 
doubtedly with the growth of the Insti- 
tute the number of Sections will be very 
much increased and probably nearly 


— жə 


[see н — 


"-— - 


1911] 


every large city will have a Section. 
The effect of this upon the work of the 
Institute and especially upon its Впап- 
cial resources demands very serious 
consideration. The expense of main- 
taining these Sections has now reached 
a point where it becomes highly im- 
portant to plan for its limitation in the 
future, as all the natural tendencies 
point toa very rapid increase. In order 
that Sections may produce the best 
results they must have available cer- 
tain funds for legitimate expenses, апа 
the greater these sums the more benefits 
тау be obtained. The object of the 
local Sections is to give the Institute 
members living at a distance from New 
York as ncarly as possible equal ad- 
vantages with residents of that city. 
И is not generally understood that the 
Institute rooms іп the Engincers’ 
Building are but little used by the mem- 
bership at large, and the work of the 
executive offices, by which they are 
occupied, applies equally to аП parts 
of the country. The changes made last 
year in the rules for holding meetings 
таке it possible for regular Institute 
meetings to be held at any place when 
regularly authorized. thus putting all 
parts of the country as nearly as possible 
оп ап equal footing. In order, how- 
ever, to obtain the best results with 
Section work, it is desirable to evolve 
some plan for taking care of the ex- 
penses other than will be possible with 
any permissible extension of the present 
system. Such а жау has been indi- 
cated by the results which have been 
obtained at Schenectady, Pittsfield 
and Fort Wayne. At Schenectady, 
the local Section was formed from the 
old General Electric Engineering Society 
the members of which were not all 
Institute members but who were con- 
tinued as local members of the Section 
after its formation and who contributed 
annually a nominal amount of dues. 
This gave them the privileges of the 
Section, but not all those of the In- 
stitute, and finally brought practically 
all of them into the national body. In 
the three places mentioned, there are 
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а large number of young men, many ге" 
cently graduated from college, to whom 
the question of joining the Institute 
means an item of some expense and who 
are more readily induced to become 
local members of a Section. Whether 
or not local members should be іп- 
dividuals not fully qualified for Asso- 
ciate membership is a question which 
can best be left to each local Section. 
It is, however, not necessary to go be- 
yond the eligibility for the national 
body in order to obtain a large local 
membership. A great many men can 
be induced to become local members 
who аге not prepared to join the na- 
tional body, but practically all of whom 
will do so later. This means that local 
membership becomes an easy step into 
the Associate grade and acts as a very 
advantageous factor іп finally making 
Institute members. While the condi- 
tions at other places necessarily differ 
from those where manufacturing in- 
terests are established, there is prob- 
ably no place where there is not a very 
considerable field for local member- 
ship, and this membership can very 
advantageously be charged with small 
annual dues—-one or two dollars per 
capita. These men are eligible to at- 
tend all of the meetings and to take 
an active part therein. They may re- 
ceive the advance copies of Institute 
papers, and probably many will present 
original papers before the local Sec- 
tions. Local membership accomplishes 
several very desirable objects: It ren- 
ders the Sections self-supporting and 
entirely relieves the Institute from 
any financial expense: it very greatly 
enlarges the possible scope of local 
Institute work and permits of many 
attractive features being added to the 
yearly program: it brings a great many 
members later into the national body 
іп an easy wav, and is one of the best 
means of acquiring such. membership. 
In places where the national member- 
ship consists of older men, and es- 
pecially where the number is somewhat 
limited, it allows a larger and more 
appreciative audience, and is indirectly 
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of very great bencfit to the younger 
men of the profession. Experience has 
proved that local members always 
desire to become Associates as soon as 
conditions permit. The solution of this 
problem must lie entirely with the local 
Sections, and апу action іп this direc- 
tion must be entirely voluntary. Sec- 
tions are, however, strongly urged to 
investigate this matter, and ап ap- 
preciation of the benefits to be derived 
therefrom will undoubtedly tend to 
greatly increase the number of these 
local organizations which аге sclf- 
supporting. 

The Board of Directors always feels 
a very great reluctance toward any 
restriction of Section expenses, but. 
these are now reaching such a magni- 
tude that some modification will with- 
out doubt be imperative in the next few 
vears. By calling the matter to the 
attention of the Sections in this wav, it 
is hoped that the number of sclf-sup- 
porting Sections will be very greatly 
increased. 


Testing of Transformer Sheet 
Steel* 

BY MESSRS. NEWMAN AND TRESSLER 

The auality of steel depends not only 
on the chemical composition, but also 
upon the treatment of Ц during the 
process of manufacture, and it is 
essential that samples of the various 
melts be tested for losses, ete. Due to 
the hardening effect of shearing or 
punching, which increases the losses, 
it is advisable to anneal test samples 
after punching. From ап industrial 
standpoint the aim is to obtain a test 
which will give accurate results in the 
shortest time and using the minimum 
amount of steel. There аге many 
methods which will give very accurate 
results, but most of them are slow and 
therefore impractical for commercial 
work. The oldest and best known 
method for determining losses in steel 
is bv the use of the ballistic galvan- 


*Ahstract of lecture before the Pittsfield Sec- 
tion of A.I.E.E оп December 22, 1910. 


ometer, but the slow and tedious process 
of plotting a curve of induction. and 
magnetizing force and of obtaining the 
area of the resulting hysteresis loop 15 
not rapid enough for factory testing; 
furthermore, it gives no idea of the 
eddy current losses. Professor Ewing's 
apparatus for obtaining hysteresis losses 
offers a purely mechanical determina- 
tion, the sample of steel being revolved 
between the poles of а permanent 
magnet and the torque being read di- 
rectlv by means of a pointer moving 
over a graduated scale. Its principal 
advantage 1s its rapidity of test, small 
amount of material used, and simplicity 
of operation. Тһе eddy current losses 
cannot be obtained, and the samples 
are so narrow that a large percentage is 
affected by the cutting; also the range 
of densities for which it тау be used are 
very limited. Alternating current 
methods using voltmeter and wattmeter 
are universally recognized as the most 
rapid and accurate methods of testing 
transformer steel. By а single ob- 
servation at one density and frequency, 
the total watts lost in the sample due 
to eddv current and hysteresis are ob- 
tained. А sine wave апа а generator 
of fairly large capacity should be used. 
Voltage control must never be obtained 
by variable resistance or inductance in 
the magnetizing circuit. Some of the 
best known alternating current methods 
ате Kapps' yoke test and the Epstein 
test which was designed by the by- 
steresis committee of the German 
Association of Electrical. Engineers. 
The Epstein method has recently been 
modified by the Bureau of Standards 
so that less material is necessary. The 
so-called '' ring test "18 also employed 
a great deal at the present timc. It 
has the advantage of practically no 
leakage and that but small magnetizing 
current is required. There are many fac- 
tors which affect the results of the above 
method. such as pressure, insulation and 
temperature, and great care should 
therefore be taken іп making the de- 
terminations, 
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Uniform Specification for 

High-Tension Line Crossing 

The high-tension transmission com- 
mittee of the Institute wishes at this 
time to call the attention of members of 
the American Institute of Electrical 
Engineers to the plan and work of a 
joint committee of the National Elec- 
trie Light Association, the American 
Railway Engineering and Maintenance 
of Way Association, and the American 
Electric Railway Association, which is 
preparing an overhead crossing specifica- 
tion applicable to practically all aerial 
crossings ot electric power wires over 
telephone or railway systems, and which 
expects to secure the adoption of this 
specification, when completed, by gen- 
eral consent, as the standard specifica- 
tion for such crossings. 

The importance of having a single, 
universally accepted specification, and 
the saving of time and annoyance that 
could be sccured thereby, аге very 
great, and it is the opinion of the high- 
tension transmission committce of the 
A.LE.E. that every electrical engineer 
who may be concerned in such matters 
should: 

First: Make suggestions and criti- 
cisms with the purpose of perfecting 
this particular specification; such sug- 
gestions to be forwarded to Mr. Farley 
Osgood, chairman of the joint сот- 


mittee, 763 Broad Street, Newark, 
М. J. 
second: Exert his influence towards 


its general use after completion. 

At the present time a draft of the 
specification. has been prepared, and 
copies may be had upon application to 
Mr. Farley Osgood, or to the chairman 
of the high-tension transmission com- 
mittee of the A.L.E.E. This specifica- 
tion has been prepared by a committee 
including representatives of the three 
above named associations, which asso- 
ciations are composed of the companies 
operating the systems most directly 
concerned, The committee has a large 
proportion of Institute members, in- 
cluding the chairman of its high-tension 
transmission committee, and a герге- 
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sentative of the American Telephone 
and Telegraph Company. It is thus 
intended to be representative of all the 
more important interests involved. 
This committee is not only compre- 
hensive, but includes representatives 
of the systems whose lincs are crossed, 
as well as of the power companies. 

The specific purpose of this notice ts 
to call attention to the fact that copies 
of the preliminary draft of the specifica- 
tion are now ready and may be obtained 
as above provided, and that all persons 
likely to be interested in this subject 
should make their suggestions and criti- 
cisms now, before the final adoption of 
the specification, so that they may 
afterwards join in securing its general 
use. 

Percy Н. THOMAs, 

Chairman, High-Tension Transmission 

Committee, 2 Rector Street, New 

York City. 
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Past Section Meetings 


BALTIMORE 

The regular meeting of the Baltimore 
Section was held on the evening of 
December 23, 1910. А paper entitled 
“А Preliminary Study of а Hydro- 
electric Plant near Baltimore ”, by J. B. 
Scott and А. Р. Meyer was read by 
Mr. Scott. The development in ques- 
tion was that of the Patapsco River 
and proposed a dam 20 feet high and а 
pipe line four miles long to an effective 
head of 120 feet. Much interesting 
comment was brought out in the dis- 
cussion that followed. 


Возтох 

The Boston Section held its regular 
monthly meeting in the auditorium of 
the Edison Electric Illuminating Com- 
pany, Boston, Mass., on December 21, 
1910. Mr. David B. Rushmore, of the 
Gencral Electric Company, Schenectady 
М. Y.. delivered a lecture оп ‘ The 
Panama Canal", which he illustrated 
with lantern slides showing the different 
phases of the work now in progress, and 
various views of the Canal Zone. There 
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was an attendance of about 100 mem- 
bers and guests. 


CLEVELAND 

The regular meeting of the Cleveland 
Section was held on December 19, 
1910, in the Chamber of Commerce 
Library Room, Cleveland, O. А paper 
was presented by Mr. J. H. Tracy, of 
the Electric Storage Battery Company, 
Philadelphia, Pa., оп ‘‘ Load Regula- 
tion by Means of Storage Batteries,”’ 
illustrated by stereopticon views. It 
was discussed by Messrs. B. R. Shover, 
L. P. Crecelius, and D. M. Martignone. 
About 45 members and visitors were 
present. 


Fort WAYNE 

A mecting of the Fort Wayne Section 
was held on Thursday evening, De- 
cember 15, 1910. Mr. H. L. Browning 
addressed the members present on the 
subject, " The Relationship Between 
the Engineer and the Salesman." Mr. 
Browning spoke at length upon those 
phases involved in the sale of special 
apparatus and expressed his belief that 
the production of standard forms of 
apparatus, while more economieal from 
the manufacturing viewpoint, lowered 
the value of the salesman's services in 
effecting sales. Тһе paper brought 
forth considerable discussion from both 
the engineers and salesmen who were 
present. Among other points brought 
out were the claims of some of the 
engineers engaged in the manufacturing 
industry that the present day method 
of sales entirely obscured апа dis- 
credited the personality of the engineer 
responsible for the design and efficiency 
of electrical apparatus. 


ITHACA 

The Ithaca Section held its regular 
meeting оп December 16, 1910, with a 
total attendance. of 98 members and 
visitors. Messrs. S. B. Kent and С. 5. 
Coler presented an abstract of the paper 
on “ Tungsten Lamps”, by С. 5. 
Merrill, appearing in the September 
PROCEEDINGS. Mr. G. S. Macomber 


described some details of the process of 
manufacture of tungsten lamps. Chair- 
man E. L. Nichols explained the modern 
process of obtaining metallic tungsten 
in suitable form for drawing filaments. 


Los ANGELES 

At the mecting of the Los Angeles 
Section held on December 29, Professor 
R. W. Sorensen, of the Throop Poly- 
technic Institute, Pasadena, Cal., pre- 
sented a paper on '' Transformer Char- 
acteristics with Reference to Their 
Selection." The paper was discussed by 
Professor C. L. Cory, Messrs, C. A. 
Howell, E. F. Scattergood, G. H. 
Stockbridge, and R. J. C. Wood. 


MADISON, Wis. 

A joint mecting of the Madison 
Section was held in the engineering 
building of the University of Wisconsin 
on January 17, 1911, in coóperation 
with the Madison Section of the 
A.S.M.E. Mr. A. L. Goddard, super- 
intendent of machine shops, University 
of Wisconsin, read a paper on '' Some 
Machine Tool Motor Drives." Mer. 
Alcan Hirsch presented a paper entitled 
‘Alcohol  Duüstillation— Some New 
Methods of Improving the Efficiency 
of Commercial Apparatus.” 


MEXICO 

Instead of holding the regular 
monthly mecting, 15 members of the 
Mexico Section made a trip to the 
Necaxa plant of the Mexican Light 
and Power Company, leaving Mexico 
City on Saturday, December 10, at 
3 p.m. and returning on Monday 
evening at 7 p.m. Тһе party were thc 
guests of the Mexican Light and Power 
Company. After an inspection of the 
plant the members visited the various 
dams, tunnels and other works now in 
course of construction in connection 
with this development. Mr. W. F. 
Ferguson acted as guide for the party 
during the entire trip, while Mr. W. J. 
Cooper had charge of all the arrange- 
ments at Necaxa and pointed out the 
various features of interest at the plant. 
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MILWAUKEE 

The December meeting of the Mil- 
waukee Section was held in coóperation 
with the Engineers Society of Mil- 

waukce оп December 14, 1910, in the 
Plankinton House, Milwaukee, Wis. 
Mr. A. G. Hendricks, of the American 
Oxhydric Company, gave a talk on 
" Cutting of Metals by the Oxhydric 
Process." Oxygen and hydrogen tanks, 
together with a machine to carry the 
torches, were set up in the hall, and a 
demonstration was given of the action 
of the process in cutting an inch wrought 
iron plate. Straight cuts and cuts of 
various shapes were made in this metal. 
The speaker explained the principle of 
the operation of the apparatus and the 
function of the various nozzles used. 
He also exhibited several other forms 
of nozzles and explained their particular 
application. А large number of samples 
of metal cutting were shown. 

Mr. H. L. Adams, of the Chicago 
Welding Company, gave a talk on the 
oxy-acetylene process of welding, citing 
a number of instances where this process 
had been successfully used to accom- 
plish results which could not have Бееп 
effected in any other way. Consider- 
able data was given on the temperature 
of flames and the conditions of handling 
acetylene to reduce the dangers of 
explosion. 

Mr. Ells spoke on the cutting of 
sprucs and the welding of pieces to 
defective steel casting by means of the 
clectric arc, also of some of the welding 
operations where butt welds are made 
using the electrical resistance method of 
heating. 

Messrs. Devoy and Prentice com- 
mented on the use of thermit in making 
welds on locomotive parts, particularly 
side frames апа driving wheel spokes. 
Both reported their experience with 
thermit welding as disappointing, and 
that better results are being obtained 
with the oxy-acetylene flame. 

In replying to the discussion Mr. 
Hendricks showed a number of samples 

of welding with the oxhydric flame, but 
did not claim any particular advantages 
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for it over the oxy-acetylene for welding 
purposes. 

About 125 persons were in attendance 
at the meeting, including a considerable 
representation from the local branch 
of the American Chemical Society. 


PHILADELPHIA 

Пт. W. S. Franklin, of Lehigh Uni- 
versity, was the guest of the Phila- 
delphia Section at its mecting held on 
January 9. 1911. In the absence of 
Chairman Young, Dr. George Hoadley 
occupied the chair. Dr. Franklin read 
a paper on '' Dielectric Stresses With 
Special Reference to the Influence of 
Inductivity on Stress Distribution "', 
which he illustrated with experiments. 


PITTSBURG 

A meeting of unusual interest was 
held by the Pittsburg Section on De- 
cember 13, 1910, and a large number of 
members were present. Dr. E. P. 
Hyde gave a paper оп “А Study of the 
Electric Incandescent Lamp." Mr. 
Е. R. Fortune gave a paper on “ Lum- 
inous Efficiency as Affected by the 
Quality of the Light." Mr. Charles 
F. Scott and others took part in the 
discussion of the papers. Тһе dif- 
ferent energy losses of a light-giving 
source were discussed and their rela- : 
tion to the luminous efficiency was 
shown. The loss by convection was 
illustrated by curves showing the 
energy necessary to maintain a platinum 
filament. This loss of energy becomes 
very small at much higher pressures 
than those used in incandescent lamps. 
At atmospheric pressure the total watts 
per candle were several times às great 
as at low pressures. Reference to this 
in connection with the incandescent 
lamp is to show the necessity of the high 
vacuum, though in those types of lamps 
burning at atmospheric pressure, such 
as the Nernst, convection is an im- 
portant part of the loss. The loss by 
conduction along the filament to the 
supports was illustrated by curves 
showing the energy radiated from cach 
portion of the length of a tungsten 
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filament. This loss, however, averages 
but 0.5 to 0.10 of the total energy 
received by the filament. Тіс greatest 
loss of energy is by the radiation at 
wave lengths not visible to the eye. 
At the temperature reached by the in- 
candescent filament by far the greater 
part of the radiation is at a frequency 
below that of the very narrow part of 
the spectrum visible to the eye. It is 
dificult to prove selective radiation ow- 
ing to the difficulty of measuring the 
high temperatures of the filaments. 
А simple experiment, however, was 
shown tending to prove the selectivity 
of the tungsten filament. This is its 
lesser variation. of candle-power with 
the watts input as compared to a 
carbon lamp. Another experiment il- 
lustrating the high efficiencies actually 
possible was shown bv burning some 
50-volt lamps at over-voltage. Some 
carbon lamps at about 110 volts were 
made to far exceed the ordinary tung- 
sten in efficiency, but burned out in 
less than two or three seconds. Some 
tungsten lamps lasted for а few seconds 
at 220 volts, giving an enormous amount 
of light at а very high efficiency. 
Curves were shown illustrating the 
luminous effect of radiation of dif- 
ferent wave lengths. 


PITTSFIELD 

The bi-weekly meeting of the Pitts- 
field Section was held in the Wendell 
Hotel, Pittsficld, Mass., on December 
22, 1910. Messrs. Newman апа 
Tressler, engineers in the laboratory of 
the local General Electrice works, gave a 
talk on “ Testing of Transformer Sheet 
Steel.” Ап abstract of the lecture ap- 
pears elsewhere in this issue. 

От. W. $. Franklin, of Lehigh Uni- 
versity, Bethlehem, Pa., was the guest 
of the Section at its meeting on January 
6. The meeting was held in the Wen- 
дей Hotel, and was preceded by an 
informal dinner. Dr. Franklin brought 
out clearly the fundamental principles 
applying to the question of distribution 
of stress throughout a diclectric under 


strain. Не stated that although we do 
not know just what electricity is, we 
do know some things that it is not. 
It is not as many people assert, a motive 
power, but 15 а '' go-between," like a 
belt. Dr. Franklin paid a high tribute 
to Sir J. J. 1homson's work on the 
“ Conduction of Electricity Through 
Gases ", a work which ranks with that 
of Sir Isaac Newton's. “ Whether or 
not the electron theory 1s correct makes 
very little difference ”, said Dr. Frank- 
hn. ‘ What is important is that this 
theory has been of incalculable aid in 
the study of high-tension phenomena ”. 
It was shown that the dielectric around 
a charged conductor could be resolved 
into several condensers of  varving 
capacities, in serics. The stress 18 
taken by these condensers in the in- 
verse ratio of their capacities. For this 
reason the ‘ graded " cable has been 
developed, the dielectric being so dis- 
tributed that the potential gradient is 
equal throughout. It was also shown, 
by means of the electroscope, that the 
corona discharge causes the ат to bea 
ready conductor. That radium emana- 
tions are similar to the corona in this 
respect was also seen when а small 
quantity of that substance was Feld 
near the condenser connected. (о the 
clectroscope. Ап interesting discussion 
followed by Messrs. Faccioli, Weed, 
Frank, and others. 


PORTLAND, OREGON 

The regular monthly meeting of the 
Portland Section was held in the Elec- 
tric Building, Portland, Ore.. on De- 
cember 13, 1910. The program con- 
sisted of a paper by Mr. W. H. Evans, 
of the Southern Pacific Company, 
giving a description of the 1200-volt 
direct current railway installation. of 
the Central California Traction Com- 
pany, anda talk by Mr. T. Baldwin, of 
the Portland Railway, Light and Power 
Company, оп‘ Construction and Bond- 
ing." Тһе Section. was fortunate in 
having as a visitor at the meeting, Mr. 
A. H. Babcock, of the Southern Pacific 
Companv, who gave his personal ex- 
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periences with various railway systems 
and bonding and overhead construc- 
поп. Other members also took part 
in the discussion. 


SCHENECTADY 

About 400 members and their friends 
were present at the meeting of the 
Schenectady Section held on January 3, 
to hear a talk on “ Some Engineering 
Features of the Panama Canal", by 
Мг. David В. Rushmore, of the 
General Electric Company. Mr. Rush- 
more went into the subject at length and 
showed some excellent lantern slides 
illustrating the progress of the work on 
the canal and the methods adopted in 
the work of excavation. He laid par- 
ticular stress on the splendid organiza- 
tion perfected by Colonel Goethals, 
and on the fact that the work is 
being carried through at the highest 
speed and efficiency at a minimum 
cost. 


TORONTO, ONT. 

An enthusiastic audience gathered at 
the Engineers’ Club of Toronto at a 
meeting of the Toronto Section on 
Friday evening, January 13, to hear а 
paper by Mr. А. E. Hibner, of the 
Toronto Electric Light Company, оп 
“Тһе Cost of Industrial Power.” 
The paper dealt with a subject which 
has not received. much consideration 
heretofore. In his paper on ‘ Notes 
on the Cost of Power ", read before the 
Toronto Section. іп December 1909, 
Mr. Н. G. Stott considered the cost of 
producing power, and treated the sub- 
ject very fully, but up to the present 
time little or nothing in the way of 
actual data relating to the cost of power 
to the individual consumer, has been 
furnished. Мг. IHibner worked out 
the various important items entering 
into the cost of producing power in 
isolated plants, both by steam and 
producer gas engine installation and 
reduced the items to the relative cost 
per kilowatt hour for typical installa- 
tions and presented curves showing the 
coal consumption for heating of fac- 
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tories and for combined heating and 
power tor the year оп mean tempera- 
tures. Estimated on an 80 per cent 
load factor basis, the installation under 
consideration, namely, 134 h.p., 100 kw., 
gave an actual cost of $.023 per kilowatt 
hour and $.025 per kilowatt-hour with 
producer gas. Мг. Hibner carried this 
further with curves showing the varia- 
tion of cost per kilowatt-hour at load 
factors ranging from 20 to 100 per cent. 
The following members participated in 
the discussion: Messrs. А. L. Mudge, 
W. A. Hare, Bovd, A. S. L. Barnes, 
Hamilton, and W. Н. Powell. 


URBANA, ILLINOIS 

A meeting of the Urbana Section 
was held in the University of Illinois 
on December 14, 1910. Mr. L. В. 
Gulley presented an abstract of the 
Institute paper on ''Testing Steam 
Turbines апа  Turbo-Generators ”, 
printed in the December PROCEEDINGS, 
illustrating the talk with lantern slides 
showing various tvpes of steam turbines 
and their working parts. Тһе paper 
was then thrown open for discussion. 
Professor E. J. Berg described his ex- 
periences in testing steam turbines. 
The importance of making such tests 
was shown, also the importance of 
knowing the proper location of instru- 
ments and their calibration for the 
work. А small error in readings тау 
mean many dollars to the company 
selling the turbine, since turbines are 
sold on very close guarantees as to 
water rate and efficiency over the range 
of operation. Another important point 
to be considered is the analysis of the 
heat balance of the whole plant in 
connection with the turbine unit. The 
proper use of the exhaust from the 
auxiliaries and * bleeding " the turbine 
for heating of the feed water are to be 
borne in mind. Оп account of the 
relativelv low self-inductance of turbo- 
generators, particular attention. must 
be paid to hunting when placing them 
in parallel with other machines. Other 
members offered brief discussions of 
the main points of the paper. 
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WASHINGTON, D. С. 

The regular meeting of the Washing- 
ton Section was held in the Telephone 
Building, Washington, D. C., on Janu- 
ary 10. Mr. H. B. Stabler, plant engi- 
псег of the Washington division of the 
Chesapeake and Potomac Telephone 
Company, and secretary of the Wash- 
ington Section, presented a paper en- 
titled “Тһе Distribution System of а 
Telephone Plant." Over 100 members 
and gucsts were present at the meet- 
ing. At the close of the discussion, 
through the courtesy of the telephone 
company, the terminal and operating 
rooms of the main exchange, which 15 
located in this building, were thrown 
open for inspection by any who might 
desire to look them over. Under thc 
guidance of experts the entire audience 
took part in the examination of the 
terminal and operating rooms and equip- 
ment of this central office. 
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Past Branch Meetings 


UNIVERSITY OF ARKANSAS 

The University of Arkansas Branch 
held its regular meeting on January 11, 
1911. Mr. L. В. Hulse read an ab- 
stract of the Institute paper on “ Prob- 
lems in the Operation ot Transformers ”, 
appearing in the December PROCEED- 
INGS. The main feature of the program 
was a paper by Dr. C. H. Brough, head 
of the department of economics, on 
'" Engineering Law." Тһе paper dealt 
with contracts and specifications, out- 
lining the essential features of each, 
and touching upon the legal techni- 
calities concerning them. 


ARMOUR INSTITUTE OF TECHNOLOGY 

This Branch held its regular meeting 
on December 15, 1910. The meeting 
was given over to a discussion of the 
Institute paper on ‘‘Interpoles іп 
Synchronous Converters ", by Messrs. 
Lamme and Newbury, printed in the 
November PROCEEDINGS. The subject 
had been previously divided among the 
members, each being assigned the 
preparation of a discussion covering 
a portion of the paper. 


At the meeting of the Branch held on 
January 5 the members were addressed 
by Mr. J. H. Jacobson, on the subject, 
" Railway Converter Sub-Stations.”’ 
The address was supplemented by a 
large number of lantern slides showing 
the construction and arrangement of 
converter sub-stations recently erected 
in Chicago, which enabled the speaker 
to illustrate his explanations. The 
manner of setting the foundations for 
the buildings and for the machines, 
also the various stages in the erection 
of the buildings and the assembling of 
the converters, were shown. The elec- 
trical wiring to the various machines 
was ,explained fully by means of dia- 
grams. 


CASE SCHOOL OF APPLIED SCIENCE 

The members of this Branch met on 
December 5 to discuss the subject of 
photometric standards. Мг. Thomas 
spoke of the numerous standards which 
have been tried, and the standards in 
use at the present time. Мг. Shirmer 
spoke on incandescent lamps as pri- 
mary standards, giving a comparison 
of American and European methods 
and the adoption of an international 
standard. Mr. Keetch closed the meet- 
ing with an outline of the different 
processes of standardizing carbon lamps. 


The meeting of December 12 was 
devoted to an illustrated talk on 
“ Magnetic Controllers", by Mr. 
Mandeville. 


On December 19 Messrs. Hanchette 
and Sarbinsky presented papers on the 
subject of terminals and insulators for 
high voltage systems. Considerable 
information was given in the papers 
regarding leakage in high potential 
circuits and their prevention. 


Iowa STATE COLLEGE 
Meetings of the Towa State College 

Branch were held as follows: 
November 16, 1910.— Messrs. G. J. 
Long апа W. Т. Thompkins reviewed 
the paper presented by L. С. Nicholson 
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at Charlotte, on '' Practical Method of 
Protecting Insulators ”, printed in the 
March, 1910 PRODEEDINGS. 


November 30, 1910.— This was an 
informal meeting arranged by the social 
committee. Professor L. B. Spinney 
addressed the members on “ Illumina- 
ting the Home ”; Professor F. A. Fish 
gave a talk on '' Electric Power in the 
Home." The program included a num- 
ber of social features. 


December 7, 1910.— The following 
ofücers were elected at this meeting: 
Chairman, Professor Adolph Shane; 
secretary, R. R. Chatterton; executive 
committee, Professor L. B. Spinney, 
George Brush, O. A. Eastwald; social 
committee, Professor F. A. Fish, George 
J. Long, Bert L. Palmer. 


LEHIGH UNIVERSITY 
Eighty-four members of this Branch 


gathered at its meeting on December 


13, 1910, to hear a lecture by Dr. H. 
Threlkeld Edwards, of South Bethle- 
hem, on ''Alternating Currents of 
High Frequency and High Voltage ав 
Applied in Modern Medicine." The 
subject was one of unusual interest, 
ànd was accompanied by numerous 
experimental demonstrations. At the 
conclusion of Dr. Edwards' lecture 
Mr. H. G. Harvey, of the General 
Electric Company, gave a talk on 
‘Transformer Construction ", accom- 
panied by lantern slide illustrations. 


UNIVERSITY OF MAINE 

The University of Maine Branch held 
à meeting on December 20, 1910. Mr. 
J. P. King reviewed a paper on '' The 
Oscillograph ", by L. T. Robinson, 
published in the General Electric Review 
of November 1910. Mr. J. W. Everett 
presented an abstract of the paper on 
'" Vector Power in Alternating Current 
Circuits ", printed in the PROCEEDINGS 
for November 1910. 


UNIVERSITY OF MICHIGAN 
One of the largest and most еп- 
thusiastic meetings in the history of 
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this Branch was held on November 30. 
1910, the total attendance numbering 
70 members and visitors. Тһе occasion 
of this was the presentation of a paper 
on ''Electrification of the St. Clair 
Tunnel" by Mr. Leigh J. Stephenson, 
of Port Huron, Mich. The subject was 
presented under the following heads: 
(1) Reasons for electrification; (2) 
Choice of system of electrical dis- 
tribution; (3) General description of 
apparotus installed; (u) power house; 
(6) locomotives; (c) overhead construc- 
tion; (d) pumping stations; (4) com- 
parison of electrical and steam opera- 
tion. The paper was then thrown open 
for discussion. Mr. P. C. Haynes 
spoke on the reasons for electrification 
and stated his opinion that it was due 
to pressure of public sentiment rather 
than for any other reason. Mr. L. H. 
Thomas discussed the subject from an 
engineer's standpoint giving his views 
why direct current would have been 
preferable to single-phase alternating 
current. Mr. R. K. Holland raised 
the point that the power house plant 
was duplicated while the outside line 
was not, also that the trolley was not 
sectionalized, but was fed as one main 
fceder direct from the generator, and 
asked whether there was any special 
reason for this arrangement. Mr. A. 
S. Walker spoke of the overhead con- 
struction. Mr. W. M. Rennie gave a 
comparison of the direct current opera- 
tion of the Detroit Tunnel with the 
single-phase operation of the St. Clair 
Tunnel. Mr. H. E. Brelsford suggested 
possibilities of improving the load 
factor. Mr. A. H. Lovell brought up 
queries as to the chief causes for in- 
terruptions to the service. Professor 
R. D. Parker justified the installation 
on the ground that it has given satis- 
factory operation and that the single- 
phase bids were the lowest. Professor 
C. L. de Muralt answered a number of 
questions that had arisen during the 
discussion and he agreed with previous 
speakers that a direct current plant 
would probably have proved more ad- 
vantageous for this installation, because 
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even if the single-phase bid was the 
lowest, the annual operating costs of 
the single-phase plant were considerably 
higher than would have been the case 
with direct current, and the weight 
efficiency of single-phase locomotives 
was inferior to that of either direct- 
current or three-phase locomotives. 


UNIVERSITY OF MISSOURI 

At the regular meeting of this Branch, 
held on December 12, 1910, Mr. W. G. 
Read presented the Institute paper by 
Messrs. Maver and MeNicoll on “Атег- 
ican Telegraph Engineering '"', published 
in the PROCEEDINGS for July 1910. Mr. 
Read was able to add many interesting 
sidelights Бу reason of having spent 
several years in telegraph work. In 
the discussion which followed, the dif- 
ference between American and Euro- 
pean practice in regard to the extent of 
the use of machine telegraphy was 
pointed out and some reasons for this 
difference given. Among these were; 
the shorter transmission distance 
abroad; the greater concentration of 
messages; and the greater freedom 
exercised in selecting improved high 
speed methods. 


At the following meeting, held on 
January 9, Мг. J. М, Halstead pre- 
sented an abstract of the paper by 
Messrs. Lamme and Newbury on 
" [nterpoles in Synchronous Convert- 
ers", appearing in the November 
PROCEEDINGS. 


UNIVERSITY OF NEBRASKA 

The third meeting of the University 
of Nebraska Branch was held on 
December 8, 1910. Professor George 
Borrowman spoke оп the subject 
'" Chemistry and the Engineer." Tak- 
ing up some of the elementary electro- 
chemical experiments, the speaker 
showed, by way of demonstration, the 
commercial importance of the applica- 
tions of electricity and chemistry to 
engineering. The statement was made 
that more energy is at present being 
used in electrochemical operations than 


is used for electric lighting or power 
work in the United States. A paper 
was also presented by Mr. B. C. Adams, 
manager of the Lincoln Gas and Elec- 
tric Company, on “Тһе Electrical 
Engineer in Central Station Practice.” 
The opportunities offered by the central 
stations to graduates of engineering 
colleges, and the type of men desired, 
were presented with a view to helping 
the student in selecting his college 
course. | 


Оно STATE UNIVERSITY 


A mecting was held by this Branch 
on December 9, 1910. Mr. М. L. 
Cox demonstrated the operation of a 
telephone system bv means of apparatus 
and blackboard sketches. 


UNIVERSITY OF OREGON 


The University of Oregon Branch, 
which was authorized by the Board of 
Directors on November 11, 1910, held 
a preliminary mecting on December 13, 
for the purpose of organizing. Twenty- 
four members were present, and the 
following officers were elected: Chair- 
man, Professor R. H. Dearborn; secre- 
tary, C. R. Reid; executive committee, 
the chairman and secretary and Messrs. 
L. E. McCoy, Е. Е. Hurlburt, Н. В. 
Cockerline. 


OREGON AGRICULTURAL COLLEGE 


The regular meeting of the Oregon 
Agricultural College Branch took place 
on December 12. Professor Т. М. 
Gardiner gave a talk on the oppor- 
tunities for an engineering graduate, 
bringing out the difference in the atti- 
tude of employers. Mr. E. P. Mce- 
Daniels gave а review of technical 
journals. Тһе main feature of the 
program was a paper presented by 
Mr. А. P. Gibson on illuminating engi- 
neering, being a general intro:luction of 
the subject. Dr. Weniger discussed the 
theory and nature of light, showing the 
proportion of visible to total radiations. 
He also described some methods used 
to increase the proportion of energy 
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spent in visible radiations and methods 
used to measure this energy. 


UNIVERSITY OF TEXAS 

The regular meeting of this Branch 
was held on December 9, 1910. Mr. 
A. F. Daniel read a paper entitled 
" The Effect of Impurities on the Mag- 
netic Properties of Iron." Mr. F. L. 
Weisser gave a review of а рарег by 
Charles F. Scott, appearing in the 
January issue of the Electric Journal, 
on “Тһе Melville-MacAlpine Reduc- 
tion Gear." Eighteen members at- 
tended the meeting. 


UNIVERSITY OF VERMONT 

The University of Vermont Branch 
held its first meeting on Monday even- 
ing, December 19, 1910. Professor 
Robinson gave a lecture on the slide 
rule and its uses. The various types of 
slide rules were described and their 
uses for special work explained. Mr. 
R. L. Sanford spoke on the United 
States Bureau of Standards. Professor 
Walter L. Upson has been elected 
chairman of the Branch, and Mr. Arthur 
H. Kehoe secretary. 


Personal 


Mr. HUMBERTO Fonts announces 
a change in his address from Com- 
panario 17 to Empedrado 59, Havana, 
Cuba. 


First LIEUTENANT J. Н. PiRIE, Coast 
Artillery Corps, U. $. A., has been 
transferred from Fort Dade, Florida, 
to Fort Hamilton, N. Y. 


Мк. HAROLD J. FLAGER has left the 
Montana Electric. Railway Company 
of Montana, to join the operating de- 
partment of the Seattle Electric Com- 
pany. 


Мк. A. B. THOMSON has been placed 
in charge of the New York office of 
С. 5. Knowles Мг. Thomson has 
been with. C. S. Knowles for the last 
five vears. 
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Mr. L. Е. BAKER has accepted а 
position with S. Е. Bowser and Com- 
pany of Fort Wayne, Ind., as chief 
designer of their oil-pumps and oil- 
handling equipment. 


Mr. Том Н. GREGG has been ap- 
pointed assistant superintendent in the 
United States Lighthouse Service and 
assigned to duty in the Sixth District, 
Charleston, S. C. 


MR. А. ALLARD has resigned his 
position with the Mexican Light and 
Power Company to become manager 
of the Isthmus of Tehuantepec Light 


and Power Company, Tehuantepec, 
Mexico. 
Mr. RoBERT WESSELHOEFT, who 


for the last five years has been repre- 
senting the General Electric Company 
in Shanghai, China, is now in the 
United States for a six months' vaca- 
tion. 


Mr. J. S. MALTMAN has resigned as 
manager of the Kankakee Electric 
Light Company to become electrical 
engineer with the Robertson Engi- 
neering Company of Baltimore, Md. 


MR. LEO A. Рнпллрв has been trans- 
ferred from the Pittsburg office of the 
Allis-Chalmers Company to the posi- 
tion of assistant chief engineer of that 
company, at Milwaukce, Wis. 


Mr. С. N. LEMMON recently re- 
signed his position in Youngstown, 
Ohio, to become electrical engineer for 
the Michigan United Railways Com- 
pany, with headquarters in Jackson, 
Mich. 


Mg. Е. W. Paci, formerly with the 
American Petroleum Company, 
Angeles, has opened an office in the 


Los 
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Wright and Callender Building, Los 
Angeles, as consulting engineer. 


Mr. WILLIAM DARBEE has left the 
Consolidated Gas and Electric Light 
and Power Company of Baltimore, 
and is now associated with the Electric 
Bond and Share Company, 71 Broad- 
way, New York City. 


Mr. К. С. FENNER, former district 
manager of the Boston office of the 
Cutler-Hammer Manufacturing Com- 
pany has recently been assigned to take 
charge of the Chicago office of that 
company. 


MR. D. C. FiNpLAY has been ap- 
pointed electrical engineer for the 
Vancouver Portland Cement Сотрапу, 
Victoria, B. C., and will have charge of 
the electrification of the company's 
cement mill. 


MR. JAMES В. Woopyatt, formerly 
sales engineer with the Montreal office 
of the Allis-Chalmers- Bullock Company 
is now power superintendent of the 
Sherbrooke Railway and Power Com- 
pany, Sherbrooke, Р. О. 


MR. В. А. LANGWORTHY, designing 
engincer with Meikleham and Dins- 
more, 25 Broad Street, New York City, 
has been appointed superintendent of 
power station for the Eastern Penn- 
sylvania Power Company, Easton, Pa. 


Mr. Е. 5. Gassaway, formerly 
manager of the New York branch office 
of the Willard Storage Battery Com- 
pany, has been transferred to the com- 
pany's main office in Chicago, as gen- 
eral manager of sales. 


Mr. R. Г. NOGGLE, construction 
foreman for the Northern Idaho and 
Montana Power Company at Newport, 
Wash., has accepted the position of 
superintendent of that company, with 
headquarters at Sandpoint, Idaho. 


Mr. О. A. BRACKETT, until lately 
sales and laboratory engineer of the 
Radio Telephone Company, is now with 
the Westinghouse Electric and Manu- 
facturing Company, Pittsburg, Pa., 
in charge of mercury arc rectifier work. 


Mr. Harry B. Lewis, formerly divi- 
sion line foreman, Central Union Tele- 
phone Company, Indiana division, has 
been appointed plant superintendent 
for the same company in the Illinois 
division at Springfield, ПІ. 


Mr. Н. В. SHAW has left the test 
department of the General Electric 
Company at Schenectady to accept a 
position with the New River and Poca- 
hontas Consolidated Coal Company at 
Berwind, W. Va., as mechanical and 
electrical engineer. 


Mr. Maurice E. Fox, formerly т 
the engineering department of the New 
York Telephone Company, has taken 
a position as engineer in the Edison 
laboratories, Orange, М. J., іп con- 
nection with work on the new Edison 
storage battery. 


MR. W. А. HARDING, until recently 
electrical and mechanical erecting engi- 
neer at the Roosevelt Dam power plant 
has accepted a position at the mines of 
Mr. R. Т. Root, near Glenwood, N. M., 
as electrical engincer. 


MR. Epwarpb М. LAKE, for four years 
division engineer in charge of electrical 
distribution, Board of Supervising Engi- 
neers, Chicago Traction, is now asso- 
ciated with the Stone and Webster 
Engineering Corporation аб Boston, 
Mass. 


—— — 


MR. R. А. PORTER, associate pro- 
fessor of physics in the College of 
Applied Science of Syracuse University, 
is spending a year's leave of absence in 
Germany. Не 15 at present working 
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at the Institute for Applied Electricity, 
Gottingen, Germany. 


Mr. W. A. HoucHTALING, who for 
the past eight years has been identified 
with the work of the Rowland Tele- 
graphic Company of Baltimore, Ма., 
has been appointed traffic supervisor, 
eastern division, Western Union Tele- 
graph Company, New York City. 


Мк. H. Н. HENNINGSON has resigned 
as salesman for the Westinghouse Elec- 
tric and Manufacturing Company at 
Omaha, Neb., and accepted а position 
as sales manager and electrical engineer 
for the Alamo Engine and Supply Com- 
pany of Omaha. 


MR. В. А. CARLE, erecting engineer 
in the Baltimore district, Westinghouse 
Electric and Manufacturing Company, 
has taken a position with the Capital 
Traction Company of Washington, 
I). C.. in connection with the construc- 
tion of a new central station. 


Mr. Witttam С. Getz, signal service 
at large, having completed the installa- 
tion of the target range buzzer annun- 
ciator system at Fort Leavenworth, 
Kansas, has been ordered to the office 
of the chief signal officer, Department 
of the Lakes, Chicago, Ill. 


Mr. FREDERICK С. Simpsan, form- 
erly secretary and chief engineer of the 
Kilbourne and Clark Company, has 
been appointed general manager and 
chief engineer of the Kilbourne and 
Clark Manufacturing Company, with 


factory and principal offices in Seattle, 
Washington. 


Mr. К. С. JENCKEs, JR., recently 
returned to the United States from the 
interior of Brazil for a vacation. Mr. 
Jenckes has been in Brazil since June 
1909, engaged іп the installation and 
operation of a three-phase 2,300-110- 
volt lighting plant for the Madeira- 
Mamore Railway Company. 


Mr. M. B. CHASE recently resigned 
his position in the detail and supply 
sales department of the Westinghouse 
Electric and Manufacturing Companv, 
Boston office, to become New York 
manager for the Sangamo Electric 
Company of Springfield, Ill., with offices 
at 50 Church Street, New York Citv. 


Mr. WILLIAM S. TURNER has rc- 
signed as manager of the northwestern 
office of W. S. Barstow and Company at 
Portland, Ore. Mr. Turner has been in 
the northwest for the past three 
years engaged in the construction of 
electric railway and lighting plants for 
that company. Mr. Turner has not 
yet made definite plans for the future, 
but expects to engage in business in 
Portland after an absence of a few 
months. 


PROFESSOR DuUGALD C. JACKSON, 
President of the Institute, who has 
been retained by the British govern- 
ment as telephone expert for the 
appraisal of the property of the Na- 
tional Telephone Company sailed on 
the Lusitania January 18, to take part 
in a preliminary conference with the 
British Post Office officials. He expects 
to return February 7. 


Obituary 


WILLIAM Н. Browne died at his 
residence, 86 South Tenth Street, 
Brooklyn, N. Y., on Saturday night, 
January 14, 1011. Mr. Browne was 
61 years of age. He was born in 
Troy, М. Y., on December 3, 1849, and 
was educated in the Academy of Chris- 
tian Brothers, Ste. Jean Baptiste De 
La Salle, of that city. From 1866 to 
1887 he was engaged in various branches 
of mechanical work and general con- 
tracting. Later he turned his attention 
to electricity and became general 
manager of a syndicate which built the 
Richmond Union Passenger Railway, 
Virginia Electric Light and Power 
Company, and other electrical enter- 
prises in Richmond, Va. Не subse- 
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quently became associated with the York City, оп December 23, 190. 


United Electric Light and Power Com- 
pany as general manager and was in 
charge when the first alternating-cur- 
rent, high-tension generators were т- 
stalled for lighting purposes. From 
New York Mr. Browne went to Mon- 
treal, P. Q., where he took charge of 
the Royal Electric Company, which he 
built up. He changed the entire light- 
ing system from 1,200 volts to 2,400 
volts, and installed the polyphase sys- 
tem of current distribution for lighting 
and power purposes, considered radical 
departures at the time. Іп 1897 the 
Chambly Manufacturing Company, 
under Мг. Browne's direction, began 
the development of hydraulic power on 
the Richelieu River at Chambly Rapids. 
to furnish power for Montreal. The 
following year he completed the works 
of the Cataract Power Company at 
Hamilton, Ont. He later turned over 
to the Canadian General Electric 
Company the manufacturing business 


of the Royal Electric Company. The 
consolidation. of the Royal Electric 


Company, the Chambly Manufacturing 
Company, and the Montreal 
Company, under the name of Montreal 


Gas 


Light, Heat and Power Company, 
Mr. Browne's last work tn Canada, 


completed the largest industrial organ- 
ization in Canada. On January 31, 1902, 
he resigned his position as head of the 
new company to become treasurer and 
general manager of the Stanley Instru- 
ment Company, Great Barrington, 
Mass. When the Stanley Company was 
merged with the General Electric 
Company Mr. Browne opened offices 
in New York as consulting engineer. 
When taken Ш he was engaged in 
building the largest water power dam 
in North Carolina, under the name of 
the Rockingham Power Company. Не 
became an Associate of the Institute 
on Mav 20, 1902. 

SAMUEL S. DICKENSON, vice-president 
and general superintendent of the 
Commercial Cable Company, died at 
his home, 430 West 116th Street, New 


Mr. Dickenson was born in Plymouth, 
England, on Мау 8, 1852. He began 
his career ав а telegrapher іп 1867, 
with the Electric апа International 
Telegraphic Company. In. 1874. he 
entered the service of the Direct 
United States Cable Company, т 
Nova Scotia, remaining with this com- 
pany for 10 years, two years as tcle- 
ртарһег, and eight years as assistant 
superintendent апа electrician. Не 
withdrew from this company in 1884 
to join the Commercial Cable Company, 
which was then being organized, and 
established its cable station at Hazel- 
hill, Canso, №. S. He was superin- 
tendent of this station for 20 years, and 
made it а model of eficicney. Tle was 
іп the meantime engaged in important 
work tor the company in other parts of 
the world. Іп 1900 he established the 
Commercial Cable station ас Рау, 
Azores, and opened the first cable 
communication between Portugal, the 
Azores and North America. For 115 
services in this undertaking he was 
decorated Бу King Carlos of Portugal. 
In 1901 he was sent to Honolulu, Mid- 
way, Guam and Manila, to select land- 
ing places and sites for the Commercial 
Pacific cables and stations. Оп Janu- 
ary 1, 1904, he was appointed general 
supcrintendent of the Commercial Cable 
Company. Shortlv afterward he became 
a member of the Board of Directors and 
'as elected а vice-prestdent. He was 
also a director in the Commercial Pacific 
Cable Company. Mr. Dickensen was 
one of the best known men in the cable 
and telegraphic service. He was а 
man of fine character and exceptional 
ability. As a manager of men he had 
no superior, and he possessed the re- 
spect and confidence of his subordinates. 
Мг. Dickensen was a Member of the 
British Institution of Electrical. Eng’- 
neers, and one of the pioneer Members 
of the American Institute of Electrical 
Engineers, having become an Associate 
on Магеһ 6, 155%. He was transferred 
to the grade of Member on October 1, 
1859. 
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Library Accessions 
The following accessions have been 
made to the Library of the Institute 
since the last acknowledgment: 


American Railway Association. Pro- 
ceedings of the Session held in 
st. Louis, Nov. 16, 1910. М.р. 


па. (Gift of American Railway 
Association. ) 

Disgraceful Facts about the Electric 
Killing Scheme Proposed by H. P. 
Brown. (Clipping from The Sun, 
№. Y., Aug. 25, 1889.) (Gift of 
Edward Caldwell.) 

Electric Journal. Seven Year Tropical 
Index with Index to Authors. 
Vols. 1-7, 1904-1910. Pittsburg, 
nd. (Exchange.) 

Etude Technique & Comparee des 
Divers Modes d' utilisation de la 
Vapeur d'Echappement. Stations 
Centrales d'Energie Electrique. et 


Calorifique. Paris, n.d. (Gift of 
J. Lonbat & Cie.) 
Gypsum as а Fireproof Material. 


By H. G. Perring, Chicago, 1910. 
(Gift of author.) 

Гг Папа Railroad Commission. Annual 
Report 34 1908. Indianapolis, 
1909. (Gift of Indiana Railroad 
Commission. ) 

Liverpool Engineering Society. Trans- 

Vol. 31. Liverpool, 1910. 

Liverpool Engineering 


actions, 
‘Gift of 
Society.) 

McGraw Electrical Directory. October, 
1910. New York, 1910. (Gift of 
McGraw Publishing Company.) 

Notizie sui Principali Impianti Elettrici 
D'Italia. Associazione fra Esercenti 
Imprese Elettriche in Italia, Milano. 
Milano, 1910. (Gift of G. Semenza) 

С. S. Library of Congress. Report of 
the Librarian 1910. Washington, 
1910. (Exchange. ) 
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Vermont Public Service Commission. 
Biennial Report 12th 1910. St. 
Albans, 1910. (Gift of Public 
Service Commission of Vermont.) 


Trade Catalogues 

American Steel and Wire Co., Chicago, 
ПІ. Catalogue and handbook of 
electrical wires and cables. Gift of 
B. B. Ayers. 234 pp. 

Fairbanks, Morse & Co., New York, 
М. Y., Bul. No. 202— Alternating 
current, type B constant speed in- 
duction motors. 4 pp. 


—-Bul. No. 203- -Starters for alter- 
nating current, type B induction 
motors. 7 pp. 

Bul. Хо. 207--А. С. induction 


motors, type В H and B V. 4 pp. 
—— — Bul. No. 208—Special alternating 
current motors and special applica- 


tions of standard motors. 8 pp. 
General Electric Co., Schenectady, 
М. Y. Price List No. 5241 of 


Thomson Watthour Meters. 14 pp. 
— — Mazda Lamps for automobiles and 


motor boats. 14 pp. 

—-— Bull. No. 4794—1200 Volt d.c. 
interurban lines of Milwaukee 
Electric Railways & Light Co. 
12 pp. 

—— Bul. No. 4796—-A.C. generators 


for direct connection to recipro- 
cating engines. 11 pp. 

Pettingell- Andrews Co., Boston, Mass. 
Juice, December, 1910—-a monthly 
publication. devoted to lighting. 
16 pp. 

Philadelphia Electric Co., Phila., Pa. 
Bulletin on the use of electricity 
for light, heat, and power. 20 pp. 

Westinghouse Electric & Mfg. Co., 
East Pittsburg, Pa. Additions to 
perpetual catalogue No. 3001 of 


electrical supplies. 44 pp. 
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OFFICERS AND BOARD OF DIRECTORS, 1910-1951. 


PRESIDENT. 
(Term expires July 31, 1911.) 
DUGALD C. JACKSON. 


JUNIOR PAST-PRESIDENTS. 


LOUIS A. FERGUSON. LEWIS B. STILLWELL 


VICE-PRESIDENTS. 


(Term expires July 31, 1911.) (Term expires July 31, 1912.) 


JOHN J. CARTY. 
PAUL M. LINCOLN. 
PAUL SPENCER. 


MORGAN BROOKS. 
HAROLD W. BUCK. 
PERCY H. THOMAS. 


MANAGERS. 

(Term expires July 31, 1912.) 
A. W. BERRESFORD. 
WILLIAM 5. MURRAY. 
HENRY H. NORRIS. 
SEVERN D. SPRONG. 


(Term expires July 31, 1911.) 
DAVID B. RUSHMORE. 
W. G. CARLTON. 
CHARLES W. STONE. 

H. E. CLIFFORD. 


(Term expires July 31, 1913.) 


H. H. BARNES, JR. 
R. G. BLACK. 

W. S. RUGG. 

С. Е. SCRIBNER. 


TREASURER. 
GEORGE A. HAMILTON. 


SECRETARY. 
RALPH W. POPE 


(Term expires July 31, 1911.) 


Note:—The Institute Constitution provides that the above named twenty-three officers shall 
constitute the Board of Directors. 


PAST-PRESIDENTS.—1884—-1910. 


A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, Jr., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY GORDON STOTT, 1907-8. 


®NORVIN GREEN, 1884-5-6. 
ФЕКАМКІЛМ L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHON Y, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE, 1892-3. 

EDWIN J. HOUSTON, 1893-4-5. 

LOUIS DUNCAN, 1895-6-7. LOUIS A. FERGUSON, 1908-09. 
FRANCIS B. CROCKER, 1897-8. LEWIS BUCKLEY STILLWELL 

* Deceased. | 1909-10 


ASSISTANT SECRETARY. GENERAL COUNSEL. 


FREDERICK L. HUTCHINSON, PARKER and AARON, 
33 West 39th Street, New York. 52 Broadway, New York 


LOCAL HONORARY SECRETARIES. 


JAMES S. FITZMAURICE, W. С. Т. GOODMAN, 
210 George St., Sydney, М. S. W. 

H. F. PARSHALL, 
Salisbury House, London Wall, E. C., London. 


L. A. HERDT, McGill University, Montreal, Que. 


ROBERT J. SCOTT, 
Christ Church, New Zealanl. 
HENRY GRAFTIO, 54, Petersburg, Russia. 


Adelaide, South Australia. 
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STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 


DUGALD C. JACKSON, Chairman, 
84 State St., Boston, Mass. 


JOHN J. CARTY, New York. 

GEORGE А. HAMILTON, Elizabeth, N. J. 
RALPH W. POPE, New York. 

PAUL SPENCER, Philadelphia, Pa. 
LEWIS B. STILLWELL, New York. 
CHARLES W. STONE, Schenectady, М. У. 


FINANCE COMMITTEE. 


A. W. BERRESFORD, Chairman, 

Milwaukee, Wis. 
5. D. SPRONG, New York. 
PERCY H. THOMAS, New York. 


LIBRARY COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Brooklyn Polytechnic Inst.. Brooklyn, М. У. 
A. BEMENT, Chicago, ІШ. 
С.Е. BURGESS, Madison, Wis. 
GANO DUNN, Ampere, N. J. 
J. Р. MALLET, Elizabeth, М. J. 
С. Е. SCRIBNER, New York. 
PHILIP TORCHIO, New York. 


MEETINGS AND PAPERS COMMITTEE. 
GEORGE F. SEVER, Chairman, 


Columbia University, N. Y. 


PHILIP P. BARTON, Niagara Falls, N. Y. 
P. JUNKERSFELD, Chicago, Ill. 

А. S. LANGSDORFP, St. Louis, Mo. 

P. M. LINCOLN, Pittsburg, Pa. 
HAROLD PENDER, Boston, Mass. 

H. ST. CLAIR PUTNAM, New York. 
SAMUEL REBER, New York. 

L. Т. ROBINSON, Schenectady, М. У. 
FRANK J. SPRAGUE, New York. 
PERCY H. THOMAS, New York. 

№. T. WILCOX, Lowell, Mass. 


EDITING COMMITTEE. 
А. В. GANZ, Chairman, 


Stevens Institute, Hoboken, N. J. 


Н Е. CLIFFORD, Cambridge, Mass. 
GANO DUNN, Ampere, М. J. 

А. $. McALLISTER, New York. 

К. F. SCHUCHARDT, Chicago, Ill. 


BOARD OF EXAMINERS. 


W. G. CARLTON, Chairman, 
Grand Central Station, New York. 
C. C. CHESNEY, Pittsñeld, Mass. 
MAURICE COSTER, New York, 
P. JUNKERSFELD, Chicago, Ш. 
PAUL SPENCER, Philadelphia, Ра. 


SECTIONS COMMITTEE. 


P. M. LINCOLN, Chairman, 
Р. O. Box, 911, Pittsburg, Ра. 


GEORGE A. HOADLEY, Swarthmore, Pa. 
С. H. HODSKINSON, Boston, Mass. 
А. S. LANGSDORFF, St. Louis, Mo. 
GEORGE R. MURPHY, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
HENRY H. NORRIS, Ithaca, N. Y. 
W. H. POWELL, Milwaukee, Wis. 
E. L. WEST, Denver, Colo. 
J. В. WHITEHEAD, Baltimore, Md. 
H. P. WOOD, Atlanta. Ga. 
Е. WOODMANSEE, Chicago, Ш. 
Chairman of all Sections, ex-officio members. 


STANDARDS COMMITTEE. 


С. A. ADAMS, Chairman, 
Harvard University, Campridge, Mass. 


A. E. KENNELLY, Secretary, Cambridge, Mass. 
Н. W. BUCK, New York. 

GANO DUNN, Ampere, М. J. 

Н. W. FISHER, Pittsburg, Pa. 

Н. В. GEAR, Chicago, Ш. 

J. P. JACKSON, State College, Pa. 

RALPH D. MERSHON, New York. 

W. S. MOODY, Pittsfield, Mass. 

R. A. PHILLIP, Boston, Mass. 

CHARLES ROBBINS, Pittsburg, Pa. 

E. B. ROSA, Washington, D. C. 

C. P. STEINMETZ, Schenectady, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


CODE COMMITTEE. 


FARLEY OSGOOD, Chairman, 
763 Broad St., Newark, N. J- 


W. H. BLOOD, JR., Boston, Mass. 
MORGAN BROOKS, Urbana, Ш. 

F. E. CABOT, Boston, Mass. 

H. C. CUSHING, JR., New York. 

J. C. FORSYTH, New York. 

GEORGE Е. SEVER, New York. 
JOHN В. TAYLOR, Schenectady, №. У. 
Н. 8. WARREN, New York. 


LAW COMMITTEE. 


HENRY С. STOTT, Chairman. 
600 West 59th St., New York. 


H. E. CLIFFORD, Cambridge, Mass. 

P. M. LINCOLN, Pittsburg, Pa. 

H. ST. CLAIR PUTNAM, New York. 
BARTON R. SHOVER, Youngstown, O. 
CHARLES A. TERRY, New York. 
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ADVANTAGES OF UNIFIED ELECTRIC SYSTEMS 
COVERING LARGE TERRITORIES 


BY WILLIAM B. JACKSON 


А few years ago the advantages of electric light and power 
were considered to belong to cities and the larger towns alone, 
but it is becoming recognized that with properly organized 
companies and with plants suitably planned the benefits of 
electric lighting and power may be supplied at reasonable cost 
also in sparsely settled regions. 

To provide electric light and power for a densely settled 
district, except in cases of very large cities, is comparatively 
simple, for this requires an organization and plant for a limited 
and homogeneous community. But for the larger possibilities 
of service, which means the tying together of many cities and 
towns, villages, and even outlying homesteads, by a great net- 
work of transmission and distribution lines, a more complex 
problem is presented. | 

To realize one of the material operating advantages of unified 
electric systems, the general direction of the operations of the 
company must be centralized, while the local characteristics 
and requirements of each community must be intimately con- 
sidered, if the most satisfactory service is to be provided. This 
requires an organization controlled by exceptionally broad and 
discriminating engineering and commercial judgment. 

Several factors tend toward making it economically possible 
to serve any territory from a comprehensive transmission and 
distribution system as a substitute for disconnected central 
stations located in the cities and villages. These may be here 
summarized as follows: 

1. Saving in power house equipment made possible through 


NOTE.— This paper is to be presented at the New York meeting of 
the А. I. E. E., February 10, 1911. Notice of oral discussion or any 
written discussion should be mailed to reach the Secretary before date 
of mecting. Written contributions received within 30 days thereafter 
will be treated as if presented at the meeting. 
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taking advantage of the diversity of different communities by 
serving them from the same transmission system. 

2. Lower power generating cost per kilowatt-hour due to 
larger power plants and improved load factor. 

3. Less investment іп power plants per kilowatt capacity on 
account of larger plants as compared with smaller. 

4. The possibility of decreased percentage of spare apparatus 
by appropriate arrangement of power plants. 

5. Saving in cost made possible bv centralized management, 
general superintendence and other gencral expenses. 

6. The possibility of providing rural and suburban service 
that could not be profitably reached bv a local central station. 

7. The possibility of large corporations providing power 
service which would be too extensive for small companies to 
undertake. 

8. The development of water powers for electric service. 

The savings made available by the above may be set against 
the losses occasioned by the transmission transformers and 
lines and the cost for their current maintenance, deferred 
maintenance and interest on investment, to determine whether 
a unified system or a number of separate plants can most eco- 
nomically serve a territory. But it should be borne in mind 
that only by covering the country by electric circuits for com- 
prehensively serving groups of cities and villages from relatively 
large power houses, stragetically located, 1s 1t possible to serve 
rural districts generally with electric light and power at rea- 
sonable cost. It is seldom economically possible to serve а rural 
district alone, just as it is impossible to provide electric railroad 
service to such a district without considering terminal cities. 
“Тһе practicability of serving by electric transmission systems 
large territories comprising all kinds of communities, urban, 
suburban, and rural, was first demonstrated Бу hydroclectric 
developments from which the transmission of the power was 
necessary in order to obtain a market. Astonishing develop- 
ment has occurred in such systems since their introduction only 
а few years ago. It is eighteen years since the first commercial 
electric transmission plant in the United States using 10,000 volts 
or over was started at Pomona, Cal., while 1{ was three years 
later when the first such plant cast of the Rocky Mountains 
began transmitting electric power from Lowcll to Grand Rapids, 
Mich. The transmission from Niagara Falls to Buffalo was 
put into operation shortly thereafter. To-day the state or 
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territory within which important hydroelectric transmission 
systems are not found is an exception. In less than fifteen 
vears the generation of electric power from water powers and 
its transmission and distribution has become an important in- 
dustry in almost all sections of the United States. And it has 
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Fic. 1.—Transmission lines of the Pacific Gas & Electric Company, 
Central California 


carried the benefits of electricity to many regions that otherwise 
could not be served. 

The wide distribution and scope of service of our hydro- 
electric systems is illustrated by the following brief considera- 
tion of a few representative systems. 
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In the region tributary to San Francisco and Sacramento the 
transmission and distribution system of a single company serves 
a district comprising fully 12,000 square miles (31,080 sq. km.), 
which is an area 50 per cent greater than the entire state of 
Massachusetts. Broadly speaking, the territory tributary to the 
circuits is nearly three times as great an area. The company 
serves more than 150 cities and villages and the greatest air- 
line distance between any two points on its system is over 


LEGEND 
TRANSMISSION LINES 
POWER HOUSE 
SUS- STATION H ” L 


— | \ ISABELLA 


) 
= — 
SCALE OF MILES 


OCEANA ! | 
| 244 
Croton // pa -r 
River , ' j 


! MONTCALAM 
2) бес 


COoperawille ) 
ыд | % | 
Val = iILowel ' к — i r. түре 
. | | Lyons CLINTON | SHIAWASSEE | 
OTTAWA zs | | ч | ` | 
Jenison 5 | | X : 
Zeeland 


| 
| 
| 


we 


LAT 
"a 
үч 
М Раш 


Trow bridge 


Kala ЕС? 
УАМ BUREN mango —Gi (была ET l'arma 


І KALAMAZOO ! 


Fic. 3.—Transmission systems of the Commonwealth Power Company 
and the Grand Rapids—Muskegon Power Company 


200 miles (321 km.), or about the distance from Niagara Falls 
to Utica, New York. Much of the region served could not 
economically receive the benefits of electric service except by 
some comprehensive system such as that under consideration. 
The extent of this system together with others in this territory 
are shown in Fig. 1. 

The Los Angeles and Redlands district is served by two great 
electrical systems which cover an area of fully 1000 square miles 
(2,590 sq. km.) and provide electric service throughout the 
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entire district, city and rural. Тһе larger of thcse is shown in 
Fig. 2. 

In the middle west, the two electric power companies in the 
vicinity of Grand Rapids and Battle Creek, Michigan, are goo 
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Fic. 4.—Transmission system of the Janesville Electric Company, 
Janesville, Wis. 


examples of well developed and rapidly expanding hydroelectric 
systems. These serve 25 cities and villages ranging in size from 
90 inhabitants to 112,000 inhabitants, twelve of the villages 
having populations of less than 1,250 each. These companies 
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Fic. 5.—Electric transmission lines in the vicinity of Niagara Falls 
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also provide power for a number of interurban and city rail- 
roads. А map of the systems is shown in Fig. 3. 

An interesting example of a small but rapidly expanding 
transmission and distribution system 15 that of the Janesville 
Electric Company in Wisconsin, which now utilizes four water 
powers and provides service to four cities and hamlets and some 
rural service. "This system 15 shown іп Fig. 4. 

In Fig. 5 is shown the extensive systems of electric trans- 
mission circuits emanating from the water-power plants at 
Niagara Falls. 
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Fic. 6.—Electric transmission lines of the Hudson River Electric Power 
Company 


In the East the effect of hydroelectric development in bringing 
to large territories service from single comprehensive electric 
systems 1s well illustrated by the svstem of the Hudson River 
Electric Power Company which is shown in Fig. 6. "This com- 
pany serves 13 citics and villages together with a large mileage 
of electric railroads. 

In the South, the Southern Power Company has created a 
remarkable electric system in North and South Carolina which 
is shown in Fig. 7. 

Fig. 8 shows a map which was the result of a somewhat ex- 
tended trip of the writer over the rivers of South Carolina in 
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1902. Estimates were made of the available power of a large 
number of the shoals and falls together with the power con- 
sumed in the various cities of the state, and this map was pre- 
pared to show the possibility of a comprehensive electric system 
to cover the cotton mill section of South Carolina, supplied with 
power from the numerous water powers of the state. 

Many of the companies having electric systems covering 
large territories have not made serious endeavor to obtain rural 
patronage but I believe it is safe to predict that this patronage 
will be more earnestly sought as time progresses, and it should 
be a policy of such companies to so arrange their systems and 
organizations that they can suitably provide the service. Hydro- 
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Fic. 7.—Electric transmission lines of the Southern Power Company 


electric transmission companies are benefited by the advantages 
incident to serving numerous communities from single compre- 
hensive transmission systems, but with them such systems 
ETOW up as a matter of necessity along with the development of 
the water powers, since the creation of transmission systems 15 
necessary to the development of the water powers and the 
nearest markets are naturally sought for the output of the plants. 

The requirements of hydroelectric transmission companies 
gave such impetus to the development of reliable and economical 
transmission methods and apparatus, that within a score of 
years the transmission of electric current at high voltages and 
for long distances has been advanced from the experimental 
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stage to a position of prime importance. During this period 
equal advances have been made in methods of distributing 
elctric light and power to widely scattered customers. 

With the perfecting of electric transmission and distribution 
methods came consideration of the practicability of displacing 
small central stations by electric current transmitted from rela- 
tively large steam generating stations. With hydroelectric 
plants it is necessary to transmit the water-generated power 
from points fixed without regard to the markets, and to compete 
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with or displace local steam powers. Much the same conditions 
exist with steam-electric transmission plants except that the 
locations of the power plants may be influenced by the locations 
and characters of the market. 

Considerable territory is now covered by electric transmission 
lines receiving power from steam plants and its extent is steadily 
increasing. Wherever transmission lines are found, electric 
service should be available for the local customers; and every 
extension made to a transmission system should mean the open- 
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ing up of new districts to electric service. In the vicinity of 
many of our large cities and of some of our smaller ones such 
systems are now found. 

A fine example of a well developed and rapidly expanding 
system, emanating from steam power plants, is that of the 
North Shore Electric Company which serves a district covering 
1200 square miles (3,108 sq. km.) surrounding the City of 
Chicago. It supplies electric current to 60 cities and towns 
varying in population from 27,000 to 100 people cach. №Мпеѓсеп 
of these have less than 1000 inhabitants each, and it is doubtful 
if one-third of the towns could have adequate electric service 
were it necessary for them to depend upon local central stations 
for supply. A map of this system is shown in Fig. 9. 

Another system, the major portion of which is fed from stcam 
plants, is that of the Eastern Michigan Edison Co., which is a 
comparatively new and rapidly expanding system. It covers a 
territory of over 900 square miles (2,331 sq. km.) extending east 
and northeast from Detroit, and serves 19 towns ranging in size 
from 150 to 19,000 inhabitants. Only eight of these towns have 
a population of over 1200 inhabitants each. This system is 
shown in Fig. 10. 

А system that is well developed and has been steadily ex- 
panding for many years is that of the Edison Electric Illumina- 
апр Company of Boston. The company comprehensively covers 
the territory of Boston and its environs, extending 24 miles 
(38.6 km.) westward from the harbor and extending in a north 
and south direction 26 miles (41.8 km.) aggregating about 625 
square miles (1,618 sq. km.). In addition to the corporate Citv 
of Boston, which has a population of over 670,000 inhabitants, 
the company serves 35 cities and towns ranging in population 
from 800 to 77,000 inhabitants. Of these municipalities, nine 
have populations of less than 2,000 people each, 26 have less 
than 10,000 inhabitants each, and five (besides the City of 
Boston) have over 25,000 inhabitants each. Many of ‘these 
municipalities contain within their borders a number of villages 
or hamlets which are more or less distinct from each other. 
Much of the territory is densely populated, but the townships 
comprising about one-third of it have a population averaging 
less than 100 people per square mile. The system is shown 
in Fig. 11. 

The above instances serve to illustrate the strides that have 
been made in the development of extensive transmission sys- 
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Fic. 9.—Transmission lines of the North Shore Electric Company, 
Chicago, Ill. 
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tems fed from steam plants. Considering the material progress 
that has been made by electric transmission and distribution 
companies, one may truthfully say that a start has been made 
toward covering the rural districts of the United States with 
electric circuits which should ultimately make it practicable to 
provide electric service to substantially all urban, suburban, and 
rural districts, wherever located; and excepting the possibility 
of some epoch making discovery, the creating of comprehensive 
consolidated systems of distribution appears to be the only way 
in which such a result can be accomplished. 
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Fic. 10.—Electric transmission lines of the Eastern Michigan Edison 
Company 


SAVING IN Power House EQUIPMENT BY DIVERSITY FACTOR 


The question of diversity factor as between various com- 
munities which are provided with electric service from a single 
transmission system is quite complex. By diversity factor is 
here meant the ratio of the sum of the maximum peak loads of 
separate plants which would serve the individual communities 
.to the maximum peak load that would occur if the plants were 
combined. Тһе condition may be illustrated by a consideration 
of the load curves of four central stations in the Northwest. 
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One of these, (Plant 1), serves a city of 50,000 inhabitants with 
mostly business and residence lighting service and has а maxi- 
mum output of over 900 kw.; the second (Plant 2), serves a 
city of 20,000 inhabitants having a good lighting and commercial 
power load together with the local street railway service, and has 
a maximum output of 1250 kw.; the third, (Plant 3), serves an 
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Fic. 11.—Electric transmission system of the Edison Electric Hluminating 
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agricultural town of 4,000 inhabitants and has a maximum 
load of approximately 105 kw.; and the fourth, (Plant 4), pro- 
vides only business lighting and power service, and has а тахі- 
mum load of over 790 kw. These are highly dissimilar in their 
characteristics and give the following result as regards diversity 
factor: 
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Largest coincident peak 


Maximum individual peaks 
during the year 


during the year 


Kilowatts | Date Time | Kilowatts | Date | Тіте 
| Plant (1)...... 920 ап. 22 8 р.п. еш Пес. 23 9 p.m. 
С РРТЕ 1250 Nov. 12 9 a.m. 1190 | ы TE 
DE oS 104 ‚ Nov. 15 6 p.m. | ы | 5 
EO | — 794 Dec. 27 5 pam. 784 m | қ 
Шел ЖӨЛЕК 3068 | | 2838 | | 


| 


There is therefore a difference of 230 kw. between the largest 
coincident peak and the sum of the maximum peaks, which 
represents a diversity factor of 1.09. This seems a surprisingly 
small advantage from the combination, but it would allow a 
corresponding reduction in machinery to carry the peak load 
in a unified transmission system over what would be necessary 
if the maximum peaks were coincident, and would correspond- 
ingly improve the load factor over the average of the separate 
plants. Тһе reduction in peak here indicated is equal to more 
than twice the maximum load of the smallest plant referred to. 

When plants (1) and (2) only are combined, the time of their 
largest coincident peak is the same as ip the foregoing case so that 
for these two plants there is a difference between the coincident 
peak and the maximum peaks of 190 kw. and a diversity factor 
of 1.10. This saving in peak capacity amounts to 21 per cent 
of the smaller maximum peak and a combined plant would have 
only 79 per cent of the smaller peak added to the larger. 

Considering plants (1) and (3), the greatest coincident peak is 
formed by 920 kw. and 89 kw. occurring at 8 p.m. on February 19, 
and the maximum peaks are as heretofore given. With this 
combination there is a saving in peak capacity of 15 kw., which 
leaves the diversity factor little different from unity, but amounts 
to about 15 per cent of the peak output of the small plant. 

When plant (3) is combined with plant (2) there is a saving in 
peak capacity of 51 kw. which amounts to 49 per cent of the 
maximum load of the small plant. 

Two large groups of towns, for which the aggregates of maxi- 
mum peaks are about 10,000 kw., show the following diversity 
factors: One of the groups, which comprises towns having 
rather uniform characteristics, shows a diversity factor of some- 
thing over 1.10, while the other group, in which the towns have 
diversified business characteristics, shows a diversity factor 
which is larger than 1.18. 
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All of the data I have available tends to show that diversitv 
factor as between towns is highly variable and in some cases 
may be large, while in others 1t may be rclatively small. 

Considering the first illustration presented, the saving 1n peak 
capacity arising from a combination of the plants might not 
cover the additional generating plant necessary to supply a 
reasonable maximum transmission loss. This, however, would 
be influenced by the number of power plants operated in the 
unified system, and their locations, as well as by the design of 
the transmission circuits. { 

In the case of the illustration of plants (2) and (3) and as- 
suming that plant (2) is to be enlarged to supply both com- 
munitics, with an accompanying abandonment of plant (3), 
there is then a saving in peak capacity of 51 kw. After allowing 
for the added generating plant required for the maximum loss 
in the transmission line to the smaller community, the saving in 
cost of equipment afforded by the diversity factor when making 
the enlargement of plant (2) amounts to between $5,000 and 
$7,500, which could be applied toward providing the transmission 
circuit. The power required for the small system could be 
generated at a low figure since about 50 per cent of its load would 
go to improve the load factor of the unified system without 
increasing the maximum load. 

Referring to the last illustration mentioned above, there would 
be a saving in plant capacity on account of diversity factor of 
over 1800 kw., which, expressed in terms of investment, would 
amount to, say, $250,000. This can be considered as off-setting 
plant made necessary bv a transmission system, since plant 
released from peak load service in a growing system stands in 
lieu of additions to capacity to take care of new business. 


IMPROVED LOAD FACTOR 


Improved load factor accompanies increased diversity factor 
since increase of the latter decreases the peak load without 
changing the average load. Referring to the next to the last 
illustration of diversity factor heretofore given, the weighted 
average of the annual load factors of the several towns may be 
taken as 22 per cent. Since the diversity factor between the 
towns is 1.10 the load factor for all of the towns served together 
will be 24.2 per cent, while if the diversity factor had been 1.18 
as is the case in the succeeding example, the load factor would 
become 26 per cent. Thus for unified electric systems there is 
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a saving іп operating cost per kilowatt-hour owing to improved 
load factor as well as on account of the improved operating 
economies of larger generating plants. 

The reduction of labor costs and the economy in consumption 
of fuel and supplies per unit of output for well considered large 
plants compared with small plants, is sufficiently recognized 
to make it unnecessary to consider instances here. 


RELATIVE INVESTMENT РЕК KILOWATT OF CAPACITY IN 
LARGER COMPARED WITH SMALLER GENERATING STATIONS 


The installation costs per kilowatt of clectric generating plants 
are dependent upon so many variables, such as accessibility of 
location, character of foundations required, cost of land, quality 
of plant, labor saving devices installed, and efficiency, that it 15 
not practicable to show specific relations between costs for 
larger plants as compared with smaller, but it is undoubtedly 
safe to say, in general, that the first cost of plant shows an 
advantage in favor of larger stations. In considering the in- 
vestment in generating plants associated with unified electric 
Systems, a disturbing factor enters in the form of power plants 
that must be discarded when local central station systems bc- 
come absorbed in consolidated systems. But commonly such 
plants are absorbed into the more comprchensive systems on 
account of their inability to provide adequate service at low 
cost, so that the transmission companies often have sufficient 
leeway in the matter of rates to enable them to care for plant 
abandoned on these grounds. 

The development of steam turbine generati units has an 
important bearing upon this matter. Some of the larger turbine 
stations have been built for less than $90 per kilowatt of rated 
output including all buildings, equipment and lands; and а de- 
tailed estimate for a very large plant has recently indicated that 
the total investment may go below $70 per kilowatt of rated 
capacity when suitable and well-located land of relatively low 
price is available for the station. These figures are to be com- 
pared with the usual costs of the older types of stations which 
have been from $110 to $170 per kilowatt of rated capacity. 
These improvements have come about with the advent of the 
steam turbo-generating unit as а commercial machine, but 
other forces have also played a part in the result. 


SPARE EQUIPMENT 


In general, as generating plants increase in size, or as two or 
more are brought into parallel operation, the percentage of 
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spare capacity required to provide thoroughly reliable operation 
decreases, since one spare unit having a capacity equal to that 
which is eliminated by the disabling of any one of the gencrating 
units is sufficient either for one plant or for a combination of 
plants of ordinary capacities. 


GENERAL MANAGEMENT AND OTHER GENERAL COSTS 


The aggregates of salaries of officers, other general salaries 
including directors' allowances, and general office expenses for 
all of the electric companies of the Commonwealth of Massa- 
chusetts, as shown by the 1909 report of the Board of Gas and 
Electric Light Commissioners, are as follows:— 


Salaries of өЙІсегв............................ $234,853. 03 
Other general salaries, including directors’ al- 

LOM ATICCS аны зына рды ahs АНЫҒЫН Па 496,772.81 
General Office ехрепкев....................... 307,443.54 


$1,039,069. 38 


In the general office expenses are included advertising, сап- 
vassing and enginccring expenses. 

The total expenses of operation, including taxes, legal ex- 
penses, insurance, bad debts, etec., for these companies ag- 
gregate, $6,279,046.26. 

These figures show an average ratio of management expenses 
to total operating expenses for the electric companies in the 
Commonwealth of Massachusetts amounting to 16.5 per cent. 

The ratio for larger clectric companies may іп some cases be 
less than for smaller companies, but in general the ratio seems 
to tend toward an increase as the companies become larger 
and more comprchensive. This is not surprising, since when 
companies reach large proportions it 1s possible for them to 
obtain the benefit of the services of technical and commercial 
men of the broadest and highest ability as their general officers, 
and to have a trained specialist at the head of cach of their 
important departments. Thus a most cfficient organization is 
obtained, composed of very capable men each having a single 
primary function in the organization as against the necessity 
existing іп smaller companies of having one man directly re- 
sponsible for many or all of the functions of the organization. 
By having such effective supervision of each department, the 
larger companies are enabled to make material savings by 
elimination of mistakes in general policies and in construction 
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costs, and through taking advantage of all possibilities for re- 
duction in operating costs by use of the most economical methods. 


POSSIBILITY OF PROVIDING RURAL AND SUBURBAN SERVICE 


I have included as one of the advantages obtained by con- 
solidated and unified clectric systems covering large territories, 
the ability to provide rural and suburban service that could not 
be profitably developed by local central stations. How large a 
factor this may become is difficult to predict, but that it is well 
worth careful consideration can not be doubted. While such 
service will provide valuable load, it will also place a company in 
position to give more comprehensive service, which should 
raise its standing in the estimation of the public. 

When electric companies were originally organized, the pro- 
duct they had for sale was a luxury, consequently they were 
under little or no obligation to the general public. But electric 
lighting and power quickly became indispensable, and to-day 
if electric supply were discontinued it would scriously affect 
both the business and the recreations of all civilized countries. 
On this account, economists argue, responsibility now rests upon 
those providing electric service to manage their properties so 
that they will sustain an appropriate part in the affairs of 
business and recreation as well as earn satisfactory returns for 
the security holders. "This involves the planning and operating 
of electric plants so that they may economically serve all who 
will be benefitted; and if the argument of economists is finally 
sustained by the judicial sense of the people, these plants will 
come into rclations similar to those of common carriers, and must 
then serve all comers within reach, whether urban or rural. 


SERVICE THAT IS TOO EXTENSIVE FOR SMALL COMPANIES 


The immediately foregoing factor is closely related to this 
one. The electric lighting and power business in territories 
served by small central stations is seldom fully developed. This 
condition frequently enables a transmission company to enter a 
district with the certainty that a paying additional development 
can be made even though the existing service alone might not 
justify the extension. 

Regardless of how small the fixed population of a community 
may be, an extended electric system which enters the territory 
1$ in position to provide service to consumers whether large or 
small. There are many instances where large power users are 
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far from being practicable customers of small central stations, 
but which may be quite satisfactory customers of a compre- 
hensive system. Some of these are purely summer users, such 
as stone quarries, stone crushing plants, and pumping plants 
for irrigation purposes; while in many cases mills and factories, 
whose power requirements are too great to be economically and 
rcliably served from a local central station of ordinary capacity, 
may be admirably and profitably served by comprehensive trans- 
mission systems. It is likely that rural service will prove to be 
largely an off peak load since the power demand of an ordinary 
farm usually ceases at dusk. 

A large company is usually in better position to obtain funds 
for large extensions than a small one, which gives it an ad- 
vantage in being able to make additions to its system which 
would be impossible for the smaller company, and thereby to 
obtain business which is not within reach of the latter although 
it may be desirable for the community and profitable to the 
comprehensive company. 

Probably one of the most important advantages which a 
strong, unified and comprehensive electric system possesses over 
a number of small separate supply companies serving a terri- 
tory, lies in its ability to serve consumers profitably which the 
smaller companies are unable to serve. The advantages of the 
company with extended power lines are emphasized through the 
improvement of load factor which may be accomplished when 
the requirements of several cities affording good winter loads are 
associated with the power loads of industrics which operate only 
in the summer. 

The foregoing illustrations and arguments show that there 
are many elements tending to make the serving of large terri- 
torics from unified electric systems an economic advantage; 
but it should be clearly borne in mind that success of such 
systems must depend upon making the advantages obtained 
offset the losses occasioned by the transmission circuits and 
apparatus, the cost of their upkeep, and the appropriate charges 
to depreciation and for extraordinary costs, together with a 
reasonable return on the added investment involved. 

An illustration of what may be accomplished by a compre- 
hensive electric system supported by good enginecring skill 
is found in the case of an eastern municipality comprising a 
scattered population of about 30,000 inhabitants which was 
served by a local central station. This town became a unit in 
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the distribution system of a large unified steam-electric system, 
by purchase of the local plant, and a careful estimate showed 
that the aggregate sum that the customers would pay per year, 
under the new conditions for service of equal amount and quality, 
would be about 18 per cent less than under rates required to net 
the purely local company a fair return on its investment after 
taking care of legitimate costs of operation. The service under 
the new conditions is manifestly of profit to the present supply 
company. 
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OIL-BREAK CIRCUIT BREAKERS 


BY E. B. MERRIAM 


Introduction. Тһе problem of interrupting an electrical cir- 
cuit which may be momentarily carrving millions of kilowatts 
is exceedingly difficult. The greater concentration of power 
at present under way and the obstacles to be overcome in con- 
trolling the huge electrical circuits of these developments are 
Matters which were foreseen by the manufacturers, who 
keenly appreciative of the importance of these problems, are 
making earnest efforts to meet the conditions imposed. Un- 
fortunately, it is inconvenient and at times even hazardous to 
make tests determining the ultimate rupturing capacity of 
heavy-duty oil circuit breakers, since these tests require the 
use of the largest power plants now in existence and those re- 
Sponsible for these power developments are rarcly willing to loan 
their equipment for such tests. On account of the variable 
conditions of service reports obtained are of limited value and 
manufacturers are forced to accept.incomplete information on 
the action of oil circuit breakers under operating conditions. 
This state of affairs is greatly improved where the engineers of the 
large power companies coóperate with the designers and саге- 
fully record and freely interchange data relating to all unusual 
disturbances. 

Development. From a small knife-blade switch (Fig. 1) placed 
in a can containing oil of unknown quality, we have seen the oil 
circuit breaker rapidly pass through various forms until we rcach 
the present high-voltage, large-rupturing-capacity devices with 
high grade oil (Fig. 2). They are the result of a natural evolu- 
tion based upon the conditions imposed by operating men, 
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and also the results of much experimental work on the part 
of the manufacturers. 

Function. The oil circuit breaker interrupts an electrical circuit 
in ОП without producing abnormal disturbances in that circuit, and 
also confines the destructive effects of the arc toa small volume, 
thereby preventing its spread to adjacent apparatus and enabling 
the oil circuit breaker to be safely placed in any convenient loca- 
tion on the switchboard or in the power station.  Air-break 
circuit breakers, owing to the large vicious arcs which they 
produce, are unsuited for general alternating current circuit- 
breaking applications. Fig. 3 shows ап arc drawn by one of these 
devices when opening a circuit carrying 800 amperes alternating 
current at 13,000 volts. This arc, one of many observed, was 


Fic. 1.—Early type of oil-break switch 


about 180 in. (4.6 m.) long and rose 140 in. (3.5 m.) in the air, 
while the same circuit ruptured in oil produced an arc only 9 in. 
(22.8 cm.) long and with no external disturbance. 

Action. A distinctive feature of the oil circuit breaker lies 
in the fact that when the alternating current which is maintaining 
an arc in the oil passes through zero, at which point the electro- 
magnetic energy 15 а minimum, the current is interrupted and 
remains so until the voltage rises to a sufficient value to puncture 
the oil insulation which has been established between the 
contacts. As soon as this occurs, the current re-establishes 
itself and flows for another half cycle. This successive going 
out of the arc and re-establishing of it thus continues until 
sufficient insulation is interposed between the contacts to resist 
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the maximum voltage of the circuit, Fig. 4. The insulating 
layer of oil may be introduced by the rapid parting of the 
contacts, the confining of the oil to the immediate neighbor- 
hood of the disturbance, thus utilizing the pressure developed 
by the arc, or the introduction of fresh oil under external pres- 
sure. 

A pplication. While the duties of an oil circuit breaker arc 
to connect, disconnect, and isolate different parts of an elec- 
trical system, its most important function 15 to relieve the system 
of dangerous overloads or short-circuits which would otherwise 
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Fic. 2.—A modern high-voltage circuit breaker 


prove disastrous to the service. The oil circuit breaker may act 
instantaneously or have its operation delayed by suitable time 
limiting devices. By these means, we are able to make them act 
selectively, and thereby isolate faulty generators, transformers 
or feeders without disturbing the supply of energy. From these 
various applications, oil circuit breakers take the names of 
generator, transformer, group, or feeder circuit breakers (Fig. 5). 
Generator circuit breakers are preferably non-automatic, as it 
would greatly disturb the system to have its service interrupted 
by generators continually disconnecting themselves. Trans- 
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former circuit breakers are usually equipped with overload, in- 
verse time limit, or sometimes instantaneous differential relays, 
so that in event of trouble the faulty transformer will be isolated. 
Group circuit breakers may be set to operate after an abnormal 


Fic. 3.-—Are drawn by air-break disconnecting switch 


condition has manifested itself for a certain definite predetermined 
time in order to protect the remainder of the system should the 
oil circuit breaker controlling the faulty feeder fail to operate. 
Feeder oil circuit breakers are generally equipped with an 
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Fic. 4.—Oscillogram of an oil circuit breaker operating under test 


inverse time clement so that selective action may be secured in 


order to isolate faults. 
Operation. The method of operating an oil circuit breaker 


whether by hand, electric motor, solenoid, or a pneumatic 
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mechanism, is largely a detail of construction, as any well de- 
signed circuit breaker may be interchangeably operated by any 
of these means, the circuit-rupturing feature being independent 
of the operating mechanism. For convenience, economy, and 
safety, large oil circuit breakers are remotely controlled so that 
they may be placed in fire resisting compartments very near the 
station bus bars. The control wiring should be installed in such 
a manner as to preclude its failure under алу conditions as in- 
stances have occurred where adjacent circuit breakers have been 
the cause of the destruction of control wiring, thus rendering 
other circuit breakers inoperative. 

Inspection and Oil. The severe service to which these circuit 
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breakers are subjected necessitates the regular inspection of oil, 
contacts and mechanism, with frequent attention to the general 
insulation. The oil may be carbonized considerably on a heavy 
short-circuit, and should inspection indicate this, fresh oil should 
be supplied. Carbonized oil may be filtered and the moisture 
removed, after which, it is again fit for use in oil circuit breakers. 
The quality of oil should also be given careful consideration. 
Its flash and burning points should be as high as possible—not 
less than 180 deg. cent.—as also its diclectric strength—not 
less than 40,000 volts when measured between 0.5-т. (12.7 mm.) 
disks placed 0.2 in. (5 mm.) apart—to avoid leakage between 
contacts or from contacts to ground, and to increase it arcs 
rupturing properties. It should be capable of extinguishing the 
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arc sprung by opening the switch and in doing this the carbon 
deposited should be a minimum. It should be free from acid, 
alkali, sulphur, or any other content likely to corrode the metal 
parts of the circuit breaker. It should be as fluid as consistent 
and remain fluid at low temperatures. 

Insulation. The insulation of oil circuit breakers up to 60,000 
volts is well taken care of by porcelain bushings and supports, 
but above this point, we have to resort to some other means. 
Here we begin to deal with very delicately balanced clectro- 
static forces whose peculiarities are only partially appreciated. 

Time Factors. The total time interval between the instant 
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the abnormal condition of the circuit 1s apparent and the instant 
the circuit breaker is completely opened, consists of the time 
element of the protective relay, and the time characteristic of 
the circuit breaker. The time element of the protective relay 
is the time lapse from the instant the abnormal condition of the 
circuit is apparent to the instant the circuit breaker trip is 
encrgized. It may be variable or constant, depending upon 
whether the timing feature of the relay is inverse or defi- 
nite, or it may be entirely absent. 

The time characteristic of a circuit breaker is the time lapse 
between the instant the circuit breaker trip is energized and the 
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instant the circuit breaker is completely opened (Fig. 6). This 
is influenced by the time which elapses from the instant the 
tripping mechanism is energized until the arcing contacts part, 
and the velocity with which this parting occurs. It should be 
remembered, however, that the arc is rarely, if ever, drawn the 
full travel of the arcing contacts of the circuit breaker. 
Rupturing Capacity. The rupturing capacity of an oil cir- 
cuit breaker is dependent upon a number of important elements 
such as the velocity with which the contacts part, their size and 
shape the quality of oil, the 
electrical characteristics of the 
circuit, the direction, length 
and number of breaks, and 
the type of arc smothering 
device employed. When we 
consider the velocity of the 
moving contacts, we see that 
if they move apart slowly, 
the arc formed has time to 
become very violent and de- 
structive, while, if we make 
this velocity sufficiently high, 


we reduce the time during 
which the arc can act, and 


thus diminish its effects, and 
increase the capacity of the 
oil circuit breaker. The 
power-factor of the circuit to 
be opened greatly affects the 
rupturing capacity of an oil 
Fic. 7.—Modern high capacity, Circuit breaker. If the power- 
moderate voltage oil-break cir- factor is less than unity, the 
cuit breaker voltage is not іп phase 

| with the current апа this 

permits the arc to be continued for a longer period. The 
amount of current also affects the rupturing capacity of an oil 
circuit breaker, since upon its magnitude the destructive effects 
of the arc depend. Hence, anything which will reduce the 
current will diminish the work of the circuit breaker. Another 
feature which we have to consider as affecting the rupturing 
capacity is the arc smothering device employed. A number of 
these have been proposed and some are now being utilized, such 
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as baffle plates, (Fig. 7) directed oil jets, oil pressure systems, 
etc., and it is due to their efficiency that we are enabled to control 
high capacity circuits and reduce the amount of oil required in 
oil circuit breakers. 

The characteristics of an abnormal load such as a short-circuit, 
from which condition the oil circuit breaker is relied upon to 
relieve the system without interfering with the operation of 
synchronous apparatus or the interruption of the supply of 
energy, depends in a great 
measure upon the size and 
number of generators actively 
connected to the system, their 


internal impedance, and the 
impedance of the circuits be- 
tween the generators and the 
point at which the abnormal 
load occurs. The enormous 
currents which have been en- 
countered have led to the 
consideration of placing ex- 
ternal reactance in the loads 
of the generator units in order 
to limit the amount of current 
which may be taken from 
them on short circuit. The 
present tendency, is to de- 
sign generators with large Fic. 8 

internal impedance, even at 

the expense of regulation, in order to limit the maximum 
instantaneous value of the short-circuit current. This will per- 
mit generators to be short-circuited without material injury 
to themselves and will greatly diminish the amount of current 
which the oil circuit breaker is called upon to interrupt, and will 
thus permit the use of an oil circuit breaker upon a system of 
larger capacity than heretofore, besides protecting the gen- 
erators from injury. 
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VOLTAGE REGULATION OF GENERATORS 


BY H. A. LAYCOCK 


The voltage regulation of generators was recognized to be ап 
important factor in central station opcration as earlv as the 
first installation of the Edison bi-polar generator. At the time 
these generators were first installed it was found that owing to 
the poor regulation of the prime movers, which were very poor 
regulating engines, that with fluctuating loads lighting was not 
very satisfactory when connected to the same dynamo which 
operated power loads, and in order to produce constant voltage 
a regulator, which was practically an automatic rheostat having 
the rheostat switch controlled by a solenoid, was designed. 

since the days of the Edison bi-polar machine, with the ad- 
Vancement in electric generators, voltage regulation has become 
more and more an important factor, and in order to obtain this 
regulation some of the first alternators were designed with com- 
pounding fields. This was the old type of revolving-armature 
machine in which the compounding was affected with a series 
field or current transformer action—-the additional turns on the 
auxiliary field increasing the voltage as the load came on. 
While this alternator was fairly close in regulation if the load 
Was not too severe the speed regulation was still a factor over 
Which this type of machine had no control. 

Various devices have been exploited with a view to obtaining 
voltage regulation, but most of them have been based on the 
principle of the automatic rheostat, which has been unsuccessful 
due to hunting and also to the fact that in order for a rheostat 
to come into operation the voltage must first vary, and of course 
the moving element being slow thc voltage would vary consid- 
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erably before the regulating rheostat would operate. This was 
little better than hand control. 

In order to obtain good regulation on the standard alternators 
of to-day it is necessary to take into consideration the following 
conditions: 

First, the inherent regulation of the alternator. If the alter- 
nator is a good inherent regulating machine and is one which 
is designed at fairly high saturation with a given excitation it 
is supposed to regulate within 8 per cent with a constant speed; 
but again, the вреса changes аге not taken into consideration. 
In order to obtain the best voltage regulation from an alternator 
without an automatic regulator the exciter is also run at a high 
density and is usually compound-wound so that it will either give 
the same excitation from no-load to full load or will be slightly 
over-compounded to take care of the increased load, and will 
thereby compensate іп a measure for the drop or rise іп voltage 
as the load is varied. Probably one of the best voltage regu- 
lating machines was the inductor type alternator, which had a 
long magnetic path and very high density, in which the time 
element was six to eight times that of our present revolving-field 
type of generator, with a non-inductive load this alternator 
would probably regulate for voltage better than the revolving- 
ficld machine, but with an inductive load which required a much 
broader range in excitation the inductor alternator was not 
satisfactory. Тһе reason this type of alternator was unsatis- 
factory in regulation was due to the ficlds requiring a very 
broad range in excitation, and with an inductive load the excita- 
tion was from two to three times that required by the revolving- 
field type of alternator, and with an automatic regulator which 
increases the field excitation according to the variation in load, it 
was a difficult matter to regulate this type of generator. 

Second, in voltage regulation the exciter 15 also a very impor- 
tant factor. For example, if an exciter 1s designed at very high 
density the time element required to change the voltage from 
one point to another is so long that the voltage regulation may 
be materially affected, and in order to have the best combina- 
tion for voltage regulation an alternator should require a range 
in excitation from no load to full load, with approximately 
80 pcr cent power-factor, of a ratio of not more than one to two, 
i.e., the normal no-load excitation required bv a given alternator 
is 70 volts, and full 80 per cent power-factor load should not 
require more than 140 volts. Should the excitation voltage be 
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of any other value, viz., 250 volts, the same ratio of excitation 
holds true. | 

Іп designing exciters to meet these conditions the densities of 
the exciters should be fairly low, especially in the fields. The 
exciter should also have a time element so that it will be re- 
sponsive to changes in field excitation to the extent that the 
voltage will fall, by inserting an external resistance that will 
equal about three times the resistance of the field, from 125 volts 
to 25 volts in from six to eight seconds. The ideal exciter de- 
signed on these lines will also readily give at full field 165 volts 
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Fic. 1.—Saturation curve of direct-current exciters 


and the increase in field current from 125 volts to 150 volts will 
not be over 50 per cent. This requirement on the exciter is 
necessary to take care of the heavy power load which most 
centra] stations are experiencing to-day; and frequently the 
excitation required on an alternator is 140 volts and in order to 
obtain the difference between about 100 volts and 140 volts 
quickly, it becomes necessary that the smaller the increase in 
field current from 125 volts to 150 volts the quicker the exciter 
will respond to the short-circuiting of the rheostat, to obtain the 
desired excitation required by the alternator. 

Fig. 1 shows a curve giving the saturation on two given ex- 
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citers, one designed along the aforesaid lines, the other having 
high saturation with high density and a large increase in shunt 
field current between 125 and 150 volts. It can be readily seen 
that the latter exciter is not as suitable for good voltage regulation 
as the former exciter when an automatic regulator is used. 

Before the automatic regulator was perfected the majority 
of exciters were designed with fairly high densities and very 
heavy series fields. In some cases the series field equaled 
50 per cent of the total excitation of the exciter and with an 
exciter fully loaded it required a very large amount of resistance 
in the exciter field rheostat to vary the voltage of the exciter 
to any appreciable extent due to the serics field supplying the 
large amount of excitation and holding up the voltage. In some 
cases where the series field excitation is about 50 per ceni of the 
shunt field excitation the shunt field can be entirely broken 
under full load conditions and the voltage would not fall below 
60 to 70 volts on 125-volt excitation, but since the adoption of 
the automatic regulator these conditions have been changed 
until now the series field excitation does not exceed 30 per cent 
of the total shunt excitation and oftentimes it 1s about 20 per 
cent, so that very good regulation is obtained by control of the 
shunt field rheostat. 


AUTOMATIC REGULATORS 


The only successful automatic voltage regulator known to the 
author is the one herein described, which was brought out about 
ten years ago and which has been used extensively ever since. 
This regulator operates on the theory of floating a pair of 
primary contacts by connecting one coil, which 15 known as the 
direct-current control magnet, to the exciter, bus bar and is 
graduated by mounting four springs on the lever connected 
to this control magnet and supported by a pivot at a proper 
distance so that this lever operates over the 100 per cent range 
in exciter voltage. These springs are so graduated as to pick 
up at a difference of 25 per cent in voltage; this keeps a constant 
torque on the contacts. The alternating-current element of the 
control magnet, connected to the alternator, is also balanced 
practically in the same manner except that a counterweight is 
used instead of springs. It is pivoted in such a manner that 
with a given voltage—say 110 volts—a balance is produced in 
which the contacts supported by the alternating-current lever 
and the contacts supported by the direct-current lever are at an 
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absolute balance, and with the core of the alternating-current 
magnet arranged to pull in one direction and the core of the 
direct-current magnet arranged to pull in the opposite direction 
this balance is produced in such a manner that the main contacts 
travel less than 1/32 in. (0.8 mm.) to obtain a range of 100 per 
cent increase in exciter voltage, and the opening at the main 
contacts in any condition is less than 0.01 in. (0.25 mm.). In 
addition to the two magnets described above there are also one 
or more relay magnets, the latter being differentially wound, so 
that with both windings energized the current is neutralized 
and the residual 15 reduced to a minimum and the operation 
of the relay is such that it can respond, without any time сіс- 
ment, to changes required by the generator. The relay magnet 
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is provided with onc or more sets of contacts which are соп- 
nected across the shunt circuit to the exciter field rheostat, the 
voltage being reduced first to 65 per cent below normal, at which 
point the rheostat is set before the regulator is cut into service. 
The alternating-current control magnet is also provided with 
current winding which is connected to a current transformer 
in some principal feeder so that the feeder can be overcom- 
pounded to take care of the drop in the copper between the cen- 
tral station and center of distribution. 

An elementary diagram of the small automatic regulator is 
shown in Fig. 2. This is a small type of voltage regulator now 
designed for from one to four exciters depending upon their 
capacity, with as many alternators as it is desired to operate in 
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parallel. For exciters having larger capacity, elementary 
diagram Fig. 3 shows the same principle of regulator with the 
exception of the relay magnet which is a magnct designed with 
circular tvpe flat coils but of the differential design, of which 
from two to twelve sets of relay contacts are emploved, depending 
upon the size and characteristics of the exciters. The diagram 
in question. shows the connections of two exciters, one set of 
relay contacts being connected to one exciter while the second 
exciter has its field rheostat divided up into two equal ohmic 
divisions having a set of contacts across cach division so that 
the field discharge is taken up by both sets of contacts equally, 
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and this method сап be emploved with the present design of 
voltage regulator up to 24 sets of contacts, having two sets of 
these rclav coils in multiple controlled by one set of main contacts. 


REGULATION OF TRANSMISSION LINES 


The above regulators are designed to either hold flat bus bar 
voltage or compensate for non-inductive load through one 
current transformer. "This arrangement does not compensate 
for an inductive load and in order to accomplish this result a 
line drop compensator is employed as shown in Fig. 4. Two 
current transformers are cross-connected in order to deliver the 
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proper amount of current to the line drop compensator which 
compensator is designed with a reactance coil and resistance 
coil; the resistance coil being for the non-inductive compensation 
and the reactance coil being for the inductive compensation. 
The current coil of the regulator is omitted with this connection 
and the compensation is secured by the current flowing either 
through the reactance or resistance coil of the compensator, 
and can be so adjusted that the voltage can be automatically 
controlled at the receiving end of a transmission line so that it 
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Fic. 4.—Connections of regulator for alternating-current generator 
using line drop compensator 


can be absolutely constant under all conditions of load and 
power-factor, and will compensate up to 15 per cent above the 
no-load station voltage. 

On long transmission lines where a large drop in voltage 15 
ехрепепсе from heavy inductive loads it is generally conceded 
that the adoption of synchronous condensers is an advantage in 
Increasing the output of the central station, and by the applica- 
tion of an automatic voltage regulator with a condenser of the 
proper size the installation сап be made in some remote place 
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along the line where the condenser or regulator need very little 
attention and the condensers can be used for automatically 
compensating for line drop. 

The same connections as employed іп the alternating-current 
generator is applicable to synchronous condensers. The opera- 
tion of the regulator is such that when the voltage tends to fall 
at the motor terminals due to heavy inductive load, the regulator 
will increase the excitation on the condenser and tend to deliver 
leading current to the line until this voltage is restored to normal, 
and as aforesaid, with the proper size of condenser the regulation 
at this point can be held absolutely constant by this method. In 
cases where synchronous motors are employed to drive railway 
generators the voltage regulator, with the addition of a line 
drop compensator, can be used to hold a given power-factor at 
this point, as it may be found from test on long transmission 
lines in which synchronous motor-generator sets are used that 
by holding 80 per cent leading power-factor the best line con- 
ditions are obtained, and in using the compensator and regulator 
this power-factor can be maintained at 80 per cent leading with- 
out any hand adjustment whatsoever. 


CYCLE OF OPERATION 


The cycle of operation of the ordinary voltage regulator is 
such that when the main contacts, with a given voltage on the 
generator, just begin to open the shunt circuit across the exciter 
field rheostat is opened and the exciter field rheostat re- 
duced to a point that without the regulator 1n service the voltage 
on the alternator will be reduced to about 65 per cent below 
normal. By this adjustment it will be readily seen that the 
voltage regulator almost anticipates when the voltage of the 
alternator is about to change. Therefore by the adoption of the 
floating-contact system this regulator does not wait until the 
voltage actually changes before it operates, but it is continually 
operating due to the large percentage of resistance turned into 
the exciter field circuit; while with regulators of types which at a 
given voltage arc stationary 1t requires change in voltage until 
these regulators operate in either one direction or the other. It 
can be readily seen that such a type of regulator would be 
unsatisfactory due to the time element in the regulator itself. 
'This is primarily the reason why the present type of automatic 
voltage regulator has been so successful, as the regulator does 
not have to wait for the voltage to change but 15 operating all 
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the time owing to the fact that the voltage is tending to drop, 
but the regulator operating at a higher rate of vibration and in- 
termittently short-circuiting and opening the shunt circuit 
across the exciter field rheostat makes the time element 
negligible. 

INSTALLATIONS OF VOLTAGE REGULATOR 


Connecticut River Power Co. Аза practical illustration of the 
generator capacity for which the automatic voltage regulator 
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Fic. 5.—External connections of regulator with two exciters in parallcl. 


15 now employed the plant of the Connecticut River Power 
Company may be cited, in which alternating-current generators 
aggregating 20,000 kw. are equipped with these regulators. Тһе 
two 300-kw. 125-volt exciters are driven from vertical turbines 
and operate in parallel on one voltage regulator. The соппес- 
uons of this regulator are shown in Fig. 5, in which it will be 
noted that the 12 set of contacts are connected to cach exciter 
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field rheostat. The rhcostats are divided into 12 ohmic divisions, 
and it is impossible to see the slightest arc at the relay contacts. 
А line-drop compensator is also employed in this plant to com- 
pensate for the large inductive drop in the transmission line 
and the voltage is controlled automatically at the receiving 
end of the 66,000-volt, 60-mile (96.5 km.) transmission line. 
Ontario Power Co. Another application of the automatic 
regulator is in the plant of the Ontario Power Company which 
delivers 30,000 kw. and contains two 375-kw. exciters equipped 
with two individual regulators of the eight-relay type. The 
exciter voltage is 250 and at times the regulators are operating 
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— 


parallel 


in parallel while at other times the station 1s sectionalized, each 
regulator being employed to control the voltage of one side of 
the station. When the regulators are operating in parallel it is 
necessary to install either а line-drop compensator between 
the regulators or to install a current transformer out of phase 
with the potential transformer as shown 1n Fig. 6, so that the 
cross currents which are liable to be produced by the two regu- 
lators operating in parallel can be overcome. When the stations 
are operating in parallel with a regulator in each station the 
reactance is usually sufficient so that the cross currents are not 
produced by the regulators, but on short transmission lines 
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trouble from cross currents with two generators operating іп 
parallel with two regulators is liable to be encountered unless 
either of the above methods is used with one or the other of 
the regulators. 

To further illustrate the flexibility of the large capacity voltage 
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Fic. 7.—External connections of regulator for arrangement of four 
exciters 


regulator, Fig. 7 shows а. 16-relay regulator arranged for con- 
trolling four 8000-kw. alternators receiving excitation from four 
200-kw. exciters. It will be noticed that the alternating-current as 
well as the direct-current bus bars are arranged for sectionalizing, 
so that the station can be operated with the regulator on either 
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set of busses, and a line-drop compensator is supplied so that it 
will control any one of four feeders. If the total station is 
operating in parallel and the regulator is controlling the principal 
feeder for compensation of line drop, the voltages on the re- 
maining feeders at the center of distribution will agree very 
closely, but if the feeders are of variable lengths feeder regulators 
are employed so that absolutely coristant voltage can be held 
at the receiving end, and it is only necessary for feeder regulators 
to compensate for the difference in voltage between the feeders. 
They do not have to take ‘into 
consideration any fluctuating volt- 
age such as might be experienced 
if the voltage regulator was not 
used. 


New METHOD OF MOUNTING 


A new method of mounting this 
particular type of regulator is 
shown in Fig. 8, in which the 
voltage regulator is mounted on 
acast iron pedestal. The external 
resistance used for the coils of 
these regulators is enclosed in the 
pedestal, and the pedestal being 
hollow the wiring is all concealed. 

With any of the regulators here- 
in described it is never necessary TL мыр 
to interrupt the voltage іп case | mim а ó I 2 
of throwing different exciters or 
alternators in parallel, nor should 
the regulator be cut out of service 
for any cause whatsoever. For Fic. 8.—Regulator mounted 
example, if the voltage regulator is on pedestal 
connected to two exciters and two 
alternators and the load becomes such that it is necessary to start 
up the third alternator and exciter; the exciter is first brought 
up to the proper voltage and paralleled; the voltage regulator 
is then connected to the third exciter; the resistance turned into 
the exciter field to a point that will reduce it to 65 per cent below 
normal, and the load between the exciters is equalized by a small 
resistance placed in series with the exciter which tends to take 
the greater portion of the load when both the exciter field rheo- 
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stats are short circuited by the regulator. The alternator is 
then synchronized and placed in parallel and no interruption in 
service is occasioned. Should it be necessary to take out one 
alternator and exciter it is first desirable to transfer the load from 
the generator which it is desired to shut down. The main 
switches on the generator are then tripped out and the load is 
transferred from the exciter by the use of an equalizing rheostat 
in the same manner and the main exciter switch is opened, after 
which the contacts corresponding to this exciter are cut out. 
It will therefore readily be seen that the voltage regulator can 
be employed 24 hours a day without any interruption whatsoever 
from either paralleling or cutting in and out different machines 
or feeders. 


о 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160 170 180 199 200 


Fic. 9.—Relation of light and candle power of incandescent lamps to 
voltage regulation 


VOLTAGE REGULATION OF DIRECT-CURRENT GENERATORS 


The regulation of direct-current generators has probably not 
been as important as the regulation of alternating-current gen- 
€rators because direct current has been superseded for central 
Station work by alternating-current, due to a number of well- 
known reasons. For isolated work, such as office building, apart- 
ment houses, and hotels, with the present practice of installing 
elevators and lights on the same circuit, is necessary to have 
some means of automatic regulation for the direct-current 
Бепегаїот. A large variation in voltage due to starting the 
elevators will be -experienced and cause а loss in the candle- 
power of the lamps which not only decreases their brilliancy 
but shortens their life to a considerable extent. То briefly 
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show the variation in life and candle-power of an incandescent 
lamp which is subject to voltage variation the curves of Fig. 9 
are given, showing that if the voltage drops 2 per cent it reduces 
the candle-power of the lamp to 89 per cent of normal, and a 2 per 
cent increase in voltage reduces the life to 65 per cent of normal. 
It can readily be scen that the more closely the voltage is main- 
tained the longer will be the life of the lamp. This holds true 
with alternating-current lighting as well as direct-current light- 
ing. 

The principle of regulation of the direct-current generator 1s 
shown іп Fig. 10. The voltage regulator is designed with one 
main control magnet which 16 connected permanently to the 
bus bars of the direct-current generators, and has one movable 
and one stationary core. These cores at a given flux are balanced 
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Гіс. 10.—Connections of regulator for direct-current. generator 


by the spring, calibrated so as to float them at a certain voltage. 
The lever supporting the core and spring is equipped with а 
pair of contacts which operates a relav. Гог simplicity this 
relay is shown series wound. The main contacts open and close 
the winding of the relay which overpowers the spring supporting 
the armature which carries the relay contacts. The relay 
contacts are connected across the shunt field rheostat, which 1$ 
first turned to give about 35 per cent of the normal voltage 
which it is desired to maintain, so that when the relay contacts 
are closed the generator voltage tends to rise until it reaches 
normal value. The main contacts are opened which in turn 
open the relay contacts which tends to reduce the voltage 
35 per cent below normal, but this does not actually happen as 
the main contacts being set for a given voltage and operating 
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at a very high rate of vibration the voltage is maintained at the 
predetermined value and is constant under all conditions of 
load and speed changes. This was one of the first successful 
voltage regulators for direct-current generators but it was limited 
In capacity to one relay. As most direct-current generator 
installations require two or more gencrators of from 100 to 200 kw. 
capacity cach, a single-relay regulator was found to be too small 
to handle the field discharge of these large generators. It was 
therefore necessary to resort to the multiple relay tvpe of regu- 
lator which operates on the same principles but which has a 
number of relays controlled by one set of main contacts. Тһе 
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Fic. 11.—Connection of regulator for two direct current generators in 
parallel 


multiple relay type of direct-current regulator differs slightly 
trom the alternating-current regulator in the design of the relays 
which are differentially wound with parallel conductors so as to 
neutralize the self-induction of the coils thus eliminating the 
sparking at the main contacts. It is impossible to place a 
condenser section across the main contacts owing to the con- 
denser discharge causing the main contacts to stick, the break 
not being sufficient to allow the condenser to discharge properly ; 
and if the break is large enough to allow this discharge the regu- 
lation will be affected. Condensers are placed across the relay 
contacts to absorb the arc as these contacts are usually set 
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about 1/32 in. (0.8 mm.) apart. The connections to the gen- 
erator field rheostat when multiple relays are used are shown іп 
Гір. 11, in which it will be noted that there are four relays іп 
multiple operating with one set of main contacts. They are 
operating on two 75-kw. generators having the resistance of 
each generator divided into two equal ohmic divisions. For the 
compensation of line drop a shunt is used in the principal lighting 
feeder which is connected to the current winding of the main 
control magnet which opposes the potential winding. As the 
current increases in the shunt the potential winding is opposed 
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Fic. 12.—Two regulators оп а three-wire direct-current system using 
exciters 


by the current winding and the spring overpowers the core and 
raises the voltage so that 1t 1s possible to compensate about 15 per 
cent drop in feeder circuits. Another method of regulating 
direct-current generators 1s to employ the alternating type of 
floating contact regulator and separately excite the direct- 
current generators from an exciter. The direct-current sen- 
erator in this case virtually becomes an alternating type of 
generator as far as the principle of regulation is concerned. 
For Edison three-wire systems, two regulators and two exciters 
are employed as shown in Fig. 12. For large direct-current in- 
stallations the latter arrangement is very satisfactory as the 


1911] ГА ҮСОСК: VOLTAGE REGULATION 219 


current to be handled by the regulators is very small and they 
can also be arranged for overcompounding for line drop by the 
shunt described above—the current winding opposing the po- 
tential winding of each regulator. The exciters for the main 
generators operate in scries the same as the gencrators them- 
selves. 

SPECIAL REGULATORS 


There are numerous applications of voltage regulators which 
no attempt will be made to describe in this paper, such as regu- 
lating alternating-current systems where a storage battery 15 
floating on the exciter bus. The method employed here 1s to 
use a booster with the voltage regulator to either boost or buck 
the exciter voltage to the proper amount. Special regulators 
are also in use for constant-current work, flywheel equalizing 
sets, and many other special applications. 

There is one special appliance in addition to voltage regulators 
which should be mentioned, and that 1s an automatic device to 
be placed on an alternating-current system where heavy short 
circuits are encountered. If the voltage regulator is employed 
and a short circuit is experienced—the action of the regulator 
will tend to hold the voltage up and therefore give the exciter 
full field. Often in hydroelectric installations when this happens 
the water wheel gates are wide open—full excitation is supplied 
to the exciters and generators—and if the short circuit is suddenly 
relieved the voltage is likely to rise above normal value before 
the excitation can be reduced on the gencrators and exciters. 
The time required to reduce this excitation is the time taken by 
the generators and exciters to demagnetize their ficlds between 
maximum full field voltage and the voltage corresponding to the 
normal load excitation, which may be from two to six seconds. 
This is augmented by the time required for the water wheels to re- 
duce the speed to normal. This сап be overcome by placing over-. 
load and high-voltage relays in the transmission lines set so that 
should the current increase to a given value the relays will trip, 
open the connections to the regulator and reduce the voltage to 
a certain value (to be determined by the operating engineer) and 
after the short circuit is burned off and the current become 
normal again the relays will close and the regulator will auto- 
matically be returned to service. 

While the above device is not necessary in ordinary central 


stations it is a very important factor in large hydroelectric 
installations. 
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PROPOSED APPLICATIONS OF ELECTRIC SHIP 
PROPULSION 
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BY W. L. R. EMMET 


The writer has published a previous paper on the subject 
of electric ship propulsion and has, іп that and elsewhere, given 
Out a good deal of information concerning designs which have 
been prepared. Тһе purpose of this paper is to describe some 
of the newest designs of this kind which have been made and to 
explain some of their features more fully so that thcir merits 
тау be intelligently considered by engineers who may be іп- 
terested. 

The use of electric motors to propel ships mav at first seem 
inappropriate since with such a method the power of steam 
must first be converted into mechanical work, then into elec- 
tricity, and then again back into mechanical work. All of these 
processes involve appreciable precentages of loss which seem 
to discourage the undertaking and it is only by the most carcful 
scrutiny of all fcatures that the relative desirability of such an 
undertaking can be ascertained. Some of the important reasons 
for thc adoption of clectricity may however be suggested by the 
following comparative figures: 
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| 12,000 kw. high speed turbine without generator. 1200 8.5 | 71% 

| Group of Parsons marine turbines designed to give | | 
«5,000 h.p. to four propeller shafts........... 425 42.0 | —— 

| North Dakota turbines, two, cach 13,000 h.p. 260 | EE 56% 
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The large differences shown by these figures are incident to 
speed, the ship turbine being very large, complicated and ex- 
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pensive, and relatively inefficient, while the high speed machine 
is very simple in construction, small, and highly efficient. It is 
therefore primarily for the sake of speed reduction that we turn 
to electricity as a propelling force. 

It has also been proposed to use mechanical gearing for the 
same purpose and something has already been accomplished 
in that direction. The use of gearing for such a purpose is 
however still practically undeveloped and the requirements are 
such that the extent of its application is still entirely prob- 
lematical. In the case of electric propulsion no such uncer-, 
tainty exists. We have proved by application to other arts 
that certain results can be accomplished in a thoroughly reliable 
manncr and the designs here discussed simply deal with cases 
comparable with the simplest and most direct uses of electric 
power on shore. 

The comparison of weights and cfficiencies of turbines shown 
by the figures given above apply only to certain conditions and 
in other cases the comparison might be very different, so that 
in such a problem every case must be considered on its merits 
and its merits cannot be judged until all features of design and 
operation are worked out in detail. Ап idea of the requirements 
of ship propulsion may be given by the following rough state- 
ment of conditions: 

The power required varics approximately in proportion to 
the cube of the ship's speed. The speed of revolution of shafts 
must be suited to the power delivered and the speed of the vessel 
if good efficiency is to be obtained. There is much difference 
of opinion concerning the possible relations of propeller speed 
and efficiency. The following table gives an estimate of pro- 
pulsive coefficients of a large battleship. These figures are ascer- 
tained by comparison of several sources of information and 
should be considered only as a rough approximation. 


] 
| Propulsive coefficients 


Rev. per min. Two propellers 
| 100 0.56 
150 0.532 
200 0.507 
250 0.485 
300 0.470 
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In all vessels quick stopping and reversal is of great practical 
value and this quality is particularly valuable in warships. The 
effectiveness of reversal is dependent both upon the arca of 
propeller blades and upon the torque available for reversal of 
propellers, so that the requirements of reversal afford an addi- 
tional reason for desiring low propeller speed, the area of low 
speed propellers being larger, the tendency to slip is diminished. 
In some turbine ships, a good deal has been sacrificed for the 
sake of quickness of reversal and the qualities of different ships 
in this respect are very different. It may be said that with 
fairly large and low-speed propellers, a reversing torque equal 
to 60 per cent of full load running torque will bring a ship up 
to the best standards of quickness in reversing. 

Since practical propeller specds are always much slower than 
desirable for turbines, the tendency is to operate marine turbines 
at speeds below their best point of performance and consc- 
quently their efficiency falls off very rapidly with further diminu- 
tions of speed. In an electrically propelled ship an excess 
speed condition can be adopted for the maximum revolutions 
so that the loss of efficiency with diminishing speeds is rela- 
tively less. 

Опе of the important advantages of electric propulsion as com- 
pared with other possible methods of speed reduction lies in 
the fact that arrangements can be made by which the ratio of 
the reduction is changeable so that the turbine may be run at 
its most effective specd under: more than one condition of the 
vessel’s operation. Тһе possibility of such a change in speed 
ratio is particularly valuable in connection with warships since 
such vessels need very high speed for emergency conditions 
and also need to operate economically at low speed so that 
their radius of action may be made as wide as possible with a 
minimum dependence upon coaling stations. It will be seen 
that these qualities cannot well be combined in a ship whose 
propellers are driven directly by turbines, even if she is equipped 
with special turbines for cruising conditions. The importance 
of high speed being much greater in turbines of small capacity 
than in large, the cruising turbines which require only a small 
capacity cannot be made efficient. 

In this paper some specific information is given concerning 
two cases of electric propulsion designs. Опе of these relates to 
the apparatus covered by a proposition recently made to the 
Government for propelling machinery for Battleship No. 35. 
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SECTION AT FRAME 89 LOOKING AFT 


AUXILIARIES 


A. Main feed pumps. 

B. Fire and bilge pumps. 

C. Forced lubrication service pumps 
D. Fuel oil pumps. 

Е. Ой cooler circulating pumps. 

Е. Pipe insulator circulating pumps 
K. Auxiliary air pumps. 

L. Auxiliary circulating pumps. 

M. Air compressors. 

N. Compressed air tanks. 

0. Feed heaters. 


P. Auxiliary condensers. 
Q. Ой coolers. 
К. Water rheostat. 
S. Motor switches. 
Т. Generator switches. 
U. Tie switch. 

V. Pole-changing switches. 

W. Hydraulic gear operating wheels 
X. Liquid tachometer. 

Y. Field rheostat. 

2. Switch panel. 


SECTION AT FRAME 104 LOOKING FORWARD 


Turbine electric propelling apparatus installed in engine-room of battle- 
ship with all auxiliaries specified for direct turbine installation. 
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The other applies to the machinery covered by propositions 
recently submitted to shipbuilders for propelling machinery to 
be used in one of the Government colliers recently authorized 
by Congress. The first of these cases being that of a high 
speed warship, the arrangement has been made such that two 
ratios of speed reduction could be used, the change from one to 
the other being accomplished by changes of connection which 
accomplish a change in the number of poles of the propelling 
motor. In the second case no such pole changing is used, the 
ratio between turbine and propeller being fixed at all speeds. 

In the battleship, two generating units and four motors are 
used so that an additional gain in economy can be effected at 
all speeds by operating with one half of the apparatus in use. 
In the case of the collier there 1s only one generating unit and 
two motors so that all the apparatus 1s used at all speeds. In 
the case of the collier however, the speed conditions are very 
favorable to the turbine and the speed efficiency curve 1s ex- 
tremely flat as compared with that of turbines generally used 
for direct propulsion of ships. 


DEstGN MADE кок U. S. ВАТТЕЕЗШР No. 35 


The installation proposed for this ship is shown by the ac- 
companying drawing, which shows not only the electric gen- 
erating and transmission apparatus but all the auxiliaries which 
are installed in the engine-room in the Government designs 
for direct turbine drive. The position of shafts and arrange- 
ment of engine-room in this case is identically the same as that 
proposed by the Government for direct drive by Curtis turbines. 
The apparatus is installed іп two engine-rooms, separated by a 
water-tight bulkhead. Іп each engine-room would be installed 
one 12,000-kw. generating unit and two motors, each having 
a capacity of about 7,000 h.p. "These two motors are coupled 
together into a single unit and connected to the propeller shaft. 
One of these motors 16 of the K type with squirrel-cage armature, 
the stator windings being so arranged that they can be con- 
nected either for 30 or for 50 poles, a suitable group of heavy 
toggle switches which effects this pole-changing being carried by 
the frame of the motor itself. Тһе other motor 1s of the M type 
with a definitely-wound rotor connected to slip-rings through 
which an external resistance can be inserted in series. These 
slip-rings are short-circuited by a very simple and effective 
sliding spring arrangement. When this short circuit is ac- 
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complished the external resistance is entirely cut out. This M 
motor is wound for 30 poles and with its resistance cut out has 
exactly the same characteristics as the K motor when the latter 
is worked with its 30-pole connection. 

The resistance used with the type M motor is for the purpose 
of affording the desired torque in reversing, and these resistances 
constitute a very important feature of the proposed designs 
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6 ft. 6& in. 


Group of resistances for 7,500-h.p. motor for battleship equipment 


since under conditions of reversal they must absorb nearly the 
total electrical energy of the system. These resistances have 
been developed by careful experimenting and are capable of 
accomplishing the desired result in a very compact space and 
with very large factors of safety. They are made of non- 
corrosive material and the heat from the electrical energy dis- 
Sipated is delivered to the sea water which freely circulates 
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through the resistance compartments by convection. They are 
easily disconnected and taken apart or, if desirable, renewed 
and will afford an entirely satisfactory solution of a problem 
which has sometimes been very embarrassing in large induction 
motor installations. The accompanying drawing shows the 
arrangement of these resistances in sufficient detail to be in- 
telligible. 

The switching apparatus is so arranged that all switches 
can be worked from either engine-room, the shafts being carried 
through bushings in the water-tight bulkhead. When the ship 
is operated at high speed with both generating units the engine- 
rooms will be operated separately but when the ship is operated 


ООТТЕО LINES, NORTH DAKOTA 
1 ТО $ ONE GENERATOR 2 MOTORG CONNECTED FOR 50 POLES 
2 “u “ a 80 


REV. PER MIN. 


POUNDS OF STEAM PER BRAKE Н.Р. 


Performance curve, U. S. Battleship Хо. 35—-pressure 265 lb. gauge, 
50 deg. fahr. superheat, 28 in. vacuum 


from one generating unit it will be more convenient to control 
everything from one engine-room and the switches are so arranged 
. that this can be done, the position of every connection being 
visible and controllable from either side of the bulkhead. The 
accompanying tabulation and curve sheet shows the propeller 
speed, horse power, and water rate of turbines for every different 
speed of the ship and shows the apparatus which would normally 
be in use under each condition of speed. 

The conditions for different speeds are those which will give 
the best economy and which would ordinarily be used for con- 
tinuous operation at such speeds but it is possible to vary the 
speed of the ship up and down with any arrangement of motors 
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TABLE I 
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STEAM CONDITIONS 
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Motor speed......... 
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Generator speed.. 


Shaft brake Һ.р................ 


Lb. steam per shaft h.p.......... 
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by simply changing the stcam admission 
to the turbines, the only limit being the 
safe speed and safe carrying capacity of 
the apparatus. Normally the ship would 
be operated at higher speeds with two 
generators and four motors, all of the 
motors having the 30-pole connection. 
The turbine speed is then reduced in the 
ratio of 7.5 to 1, the generators having 
four poles. When the speed becomes 
sufficiently reduced improvement of econ- 
оту can be effected by disconnecting one 
of the generators and two of the motors 
as shown by the curve, and when the 
speed has fallen sufficiently low a still 
further gain can be accomplished by con- 
necting the remaining motors for 50 poles 
instead of 30 poles. When this change is 
made the ratio of reduction 15 increased 
from 7.5 to 1 to 12.5 to 1 and a new cycle 
of favorable speed operation in the turbinc 
is begun. The economy in speeds be- 
tween 12 and 14 knots is of vital im- 
portance in war ships and the very fine 
economy under these conditions afforded 
by this design will immenscly increase the 


. military value of a vessel so equipped. 


Since the power required to propel a 


ship falls rapidly with diminished speed, 


and since it is not necessary to maintain 
any fixed frequency, voltage, or degree of 
excitation, the magnetic densities of the 
apparatus can be varied as the speed 


reduces so as to give the best efficiency 


consistent with the torque required. With 
such ап cquipment the excitation could 
be derived either from an outside source 
or partly from an outside source and 
partly from a direct-coupled exciter. In 
this case it 18 proposed to excite from an 


outside source—-the ship's regular circuit 
—but this excitation can be varied by. 
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a rheostat so that the best possible electric efficiency is main- 
tained. 

In the installation here described it is proposed to ventilate 
the apparatus by air from the upper deck. One duct will 
convey air to each piece of apparatus and another will discharge 
it outside the engine-room, the apparatus being so designed as 
to impel the proper amount of air through these ducts. In 
this and other cases of electric ship propulsion, it might be de- 
sirable to ventilate the apparatus by drawing air through it by 
blowers and dclivering the air so heated to the furnaces. Sucha 
process would effect appreciable economy and would probably 
be desirable. It has not been considered in this case because 
there was not time to study the practicability of arrangements. 

In this battleship installation it 1s not proposed to make any 
changes of connection of circuits, resistances, or poles while the 
current is flowing. Preliminary to all such operations the field 
switch will be opened. The switches proposed are of the toggle 
type, not designed to open under load, and are arranged with 
electric locks so that they cannot be moved when the system is 
alive. The turbines are arranged with speed governors of the 
ordinary type which are capable of closing any valves which may 
be open if the speed rises. The number of valves which can be 
opened at апу time is, however, governed by hand control and the 
speed governor is incapable of adding to the number so opened. 
When the ficld circuit is interrupted the generating unit rises | 
to its maximum speed and runs idle until the circuit is rce- 
established. In the meantime the desired connections are 
made and the field re-established, whereupon the generator and 
motors resume the proper speed relation and procced to ac- 
complish the desired result. 

When these electrical conditions are considered it will be seen 
that an immense advantage results from the fact that they are 
not bound to any fixed frequency or voltage. Тһе generator is 
designed simply to do the work required of it and it is incapable 
of delivering a current in excess of the safe carrving capacity of 
any conductor in the system. No kind of wrong connections 
can result in апу burn-out. If a wrong connection should be 
made it would simply be necessary to open the ficld circuit 
and change to the proper connection, and the currents resulting 
from such wrong connections would not be harmful since the 
mistake would be apparent and soon corrected. Тһе case is 
therefore very different from that of an ordinary electric circuit 
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where all sorts of needs must be provided for from a source of 
fixed potential and where the generating plant constitutes a 
battery capable of delivering power in indefinite quantities, 
either for use or for destruction in the case of short circuits or 
wrong connections. 

The following is a list of the weights of the different parts 
of the installation proposed. Тһе aggregate weight of these 
parts is probably not much less than that of the turbines alone 
which would be used for direct propulsion. The generating 
units in this case however include heavy cast iron bases and there 
would be a considerable saving on account of the supporting 
structures which would be used with turbines for direct pro- 
pulsion. Тһе absence of any system of forced ventilation also 
increases the weights. In other cases of battleship propulsion 
which have been studied, considerable savings of weight have 
been effected and it is believed that with the best arrangements, 
similar economies could be accomplished in this case. 


Two generating ип<.......................... 674,000 Ib. 
AGCOSSOPIOSL 56 Qu ood ns es dos КУУГ gai e itid 2,000 * 
Four mtofS.- seine жаке ааа АН RU Шы 408,000 * 
Switchboard and өзіксһев...................... 5,000 “ 
Field гһеоб{а1з................................ 1,600 “ 
Water-cooled гһсо$їа{з......................... 6,000 “ 
Сарсекеева Аны» 0090028 
Total О сынар ео ОЛ Т ГГ АҚЫНЫ 000% 


EQUIPMENT FOR NAVAL COLLIER 


The installation proposed for this collier is similar in general 
Principle but much simpler than that proposed for the battle- 
ship. The requirements of this ship being to operate continu- 
ously for long periods at a speed near the maximum, there is no 
particular need for high economy at lower speeds and it therc- 
fore becomes desirable to simplify the apparatus as much as 
possible in the interest of lightness, cheapness, and good economy 
at the normal operating speed of the vessel which would be about 
13 or 14 knots. In this case only one generating unit and two 
motors are used. 

Another difference between this case and that of the battle- 
Ship is that it is proposed to use oil switches so that changes of 
connection can be made without the trouble of interrupting the 
field circuit. When the resistances are in circuit in the motors, 
either propeller could be reversed independently by simply 
throwing the lever of an oil switch. This quality of instantanc- 
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ous reversal would be valuable in a ship of this kind since such 
large freighters steer very badlv at low speeds so that it is very 
desirable to steer by the propellers in anchoring or docking. 
For this collier installation the method of ventilation pro- 
posed is somewhat different from that in the case of the battle- 
ship. The generator would be ventilated in the same way by a 
duct from the deck above and another duct to take away the 
heated air. In the case of the motors it is proposed to take the 
ventilating air from the enginc-room and deliver it to the suction 
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Turbine electric propelling apparatus installed іп engine-room of Collier 
with condenser but no other steam auxiliaries shown 


of a blower which puts air into the Howden draft system of the 
after fire room. This would afford effective ventilation for the 
motors and about the right amount of ventilation in the enginc- 
room without the use of апу other blowing apparatus. 

The accompanying curve sheet shows the steam consumption 
per shaft horse power which would be required with this appara- 
tus at different speeds of the vessel. These results are sus- 
ceptible of exact calculation since generating units and motors 
almost exactly similar to those proposed have been repeatedly 
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tested. It is very difficult to get at any accurate estimate 
of the steam consumption of such a ship when operated by гс- 
ciprocating engines but all comparisons which have been made 
indicate that the turbine electric apparatus would effect some 
economy in steam consumption, although it is probable that the 
saving as compared with the best engine equipment would not 
be very large. The demand for electric propulsion on one of 
these colliers has come from the Navy Department througha 
desire to demonstrate the practicability of this method of pro- 
pulsion. The case is not particularly favorable to electric pro- 
pulsion and should not be taken as a basis of comparison of the 
system with other methods. Electric propulsion will make its 
best showing in vessels requiring a very large amount of power 


POUNDS OF STEAM PER BRAKE Н.Р. 


1000 


5 9 10 11 12 13 l4 


Performance curve, electric drive. U. S. Collier—190 Ib. gauge; 0 deg. fahr. 
superheat; 28! in. vacuum— displacement about 20,000 tons 


ОГ vessels which require a good cconomy at low speeds as well 
as at high. High-speed warships or very large moderate-speed 
liners afford the best fields for its application. 


ELECTRIC CHARACTERISTICS 


The accompanying curve sheets show the characteristics of 
the combined action of motors and generators proposed for 
these two installations. Two of these sheets show conditions 
of operation or reversal with resistances in circuit, and the 
Other shows the conditions in the collier installation without 
resistance in the motor circuits and with the generator operated 
at various speeds. From these curves the torque available under 
any condition of operation and also the current, voltage, and 
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TORQUE x SYNCHRONOUS SPEED EXPRESSED IN KW. 


10 .20 ,30 40 ,50 .60 .70 во .90 1.0 
SPEED SPEED 


Battleship No. 35.—Conditions of combined operation of motors and 
generators with reversing resistance in circuit and generators at full 
specd. Dotted lines show torque, voltage and current when only 
one generator is used. Тһе power factors and clectrical efficiencies 
are about the same with either one or two generators. External re- 
sistance 0.207 ohms per phase, rotor resistance 0.0069 ohms per phase 
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U. S. Collicr. — Showing conditions of combined action of generator and 
motors with reversing resistances in circuit and with generator at 
full speed. External resistance 0.75 ohms per phasc, rotor resistance 
0.025 ohms per phase. 


1011) ЕММЕТ: ELECTRIC SHIP PROPULSION 235 


necessary excitation can be seen or readily estimated. Nocurves | 
are given to show the conditions of operation without resistance 

in the battleship installation because the characteristics under 
such conditions are virtually the same as those in the collier and 
are sufficiently illustrated by the curves given in the case of the 
collier. These curves show the effect of different degrees of 
excitation upon power-factor and efficiency. As a vessel so 
propelled is slowed down, the excitation could be reduced in 
proportion to the propeller speed and the maximum degree of 
reduction in excitation will give the best electrical efficiency. 
From the curves here given, however, the decline of excitation 
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ІШЕК 
U. S. Collier.—Showing condition of combined action of generator and 
motors with varying speed of generating unit and with no external 
resistunce in rotor circuit. Dotted lines refer to constant full load ex- 
citation. Full lines refer to variable excitation. Torque curves of 
motor are given separately for different fixed generator speeds. АП 


other curves apply to normal conditions where speeds of motors and 
generators vary together. 


6 


is less rapid than that of the speed, this degree of diminution 
being chosen so as to give an ample margin of torque under all 
possible conditions of operation. In practice, whenever the 
ship is operated under any fixed condition of speed, the excitation 
Should be reduced to the lowest possible point necessary to 
maintain the required torque on the propeller. Since the margin 
of torque assumed in the curves given is very ample, the electric 
efficiencies would be even better than those indicated by the 
Curves, 

In connection with this paper which gives specific information 
concerning two sets of designs, the author has thought it desirable 
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to give also some figures concern- 
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E ing other cases which have been 
5 studied with greater or less de- 
Қ ? grees of thoroughness 1n order that 
AE WM ап idea may be formed concerning 
5 m ues the relative desirability of such 
$ Сы S. methods in connection with ships 
а ai of different kinds. Тһе accom- 
812.24. кз panving tabulation gives some 

E a a „ | such figures: 
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2. а = = | ratus to propel ships have been 
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| the weights of electric apparatus 
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epee | 77 ~ | purposes provides for overload. 
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" 757777742 77007 | weight economies possible on ac- 
"TE count of the special conditions те- 
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THE REGULATION OF DISTRIBUTING 
TRANSFORMERS 


BY C. E. ALLEN 


With the many improvements made in distributing trans- 
formers during the past few years, especially since the advent 
of the so-called silicon steels (by the use of which the iron loss of 
transformers has been greatly reduced), the tendency has been 
to lay particular stress upon the iron loss characteristics, with 
the result that other electrical characteristics, such as exciting 
current and regulation, have scarcely received the attention 
that their importance deserves. In reviewing the published 
claims made by the various manufacturers, we find that the two 
last named characteristics have not been improved in the same 
Proportion as the iron loss. While the author recognizes that 
both а low exciting current and good regulation are of great 
importance, this paper will be confined to a discussion of regula- 
tion; its relation to the other characteristics of distributing 
transformers and its effect on the economical operation of the 
modern central station. 

The regulation of а transformer operating on a non-inductive 
load is defined by the A. I. E. E. as “ the ratio of the rise of 
Secondary terminal voltage from rated non-inductive load to 
no-load (at constant-primary impressed terminal voltage) to the 
Secondary terminal voltage at rated load." The value of the 
regulation of the average distributing transformer at present on 
the market varies from 1 per cent to 31 per cent, and when oper- 
ated on power factors as low as 60 per cent, the regulation in 
Some instances is as high as 4 per cent. 

The published regulation of the transformers of different 


NoTE.—This paper is to be presented at the Pittsfield-Schenectady 
mid-year convention of the A. I. E. E., February 14-16, 1911. Notice 
of oral discussion or any written discussion should be mailed to reach 
the Secretary before date of meeting. Written contributions received 
within 30 days thereafter will be treated as if presented at the meeting. 
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manufacturers varies, not only due to the different designs, 
but also to the various methods used in making the calculations. 
It is customary to measure the resistance of the windings by the 
“fall of potential " method and the impedance of the windings * 
by the short-circuit test, and to obtain the regulation from this 
data by substitution in some arbitrary formula. 

The following are some of the more important formulas in use: 
The per cent regulation at 100 per cent power factor 


ыы ( X) 

SIRE oe (1) 
Neglecting the last term 
| = ТЕ (2) 


At any power factor the per cent regulation 


= TReosg+ 1X sing + FX es  TRsin (3) 


Neglecting the last term 
=IRcos@+ IX sing (4) 
At any power factor the per cent regulation 
=100 “/1--2--47--2 с сов $4-2d sin $ — 1 (5) 
At 100 per cent power factor the per cent regulation 
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At 100 per cent power factor the per cent regulation is calcu- 
lated from the following formula, which gives the value of the 
no-load secondary terminal e.m.f.: 


Е= (100 + ГВ соз ф + 1X W) + (1X)? (7) 
At any other power factor 


Е=\ (100+ I R соз5ф + IX И)? + (1X cosó— ТВ И’)? (8) 
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The symbols used in the above formulas are, 

IR =Total resistance drop in the transformer expressed іп 
per cent of rated voltage. 

ІХ =Reactive drop similarly expressed. 


E =No-load secondary terminal e.m f. 

ф =Angle of lag of secondary current behind secondary 
voltage. 

Cos ф = power factor of load. 

W  =(wattless component of load plus the magnetizing 
current), expressed as a decimal fraction of full load 
current. 

т  =Per cent magnetizing current. 

C =I R+100. 

d =I X +100. 


Secondary Current - referred to primary winding 


Fic. 1 


Assuming a transformer having a resistance drop equal to 
1.5 per cent and a reactance drop equal to 2 per cent and a 
magnetizing current equal to 5 per cent, the following table 
&ives the regulation at different power factors calculated by sub- 
Stitution in the above formulas: 


PER CENT REGULATION 
КЕННЕН EIS МЕМ AEO EA а а, 


P Power Power Power Power Power Power 
ormula factor factor factor factor factor factor 
100 90 80 70 60 50 
per cent per cent per cent per cent | per cent per cent 
аа ОЛИИ арР ЕРМЕ МЕСЕ «ыз ыйы Er DUC Ron | a тыл Е ee 
1 and 3 1.52 2.23 2.40 2.48 2.50 2.48 
2 апа 4 1.50 2.22 2.40 2.48 2.50 2 48 
5 1.50 2.22 2.40 2.48 2.50 2.48 
6 1.62 Ен = € = £ 
7 and 8 1.62 2.32 2.5 2.58 2.6 2.58 
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From the foregoing equations, it is obvious that there are few 
characteristics of a transformer that do not, directly or indirectly, 
influence the regulation. It is the belief of the author that 
formulas 1 to 4 give the most accurate results. Тһе fact that a 
variation still exists in the methods of figuring the regulation 
used by the various manufacturers, indicates that the regulation 
has not been given the same consideration as other charac- 
teristics. Otherwise it appears that some standard method 
would have been adopted. 

From the very definition of regulation as well as the fact 
that the exciting current is present in the transformer at no- 
load and full load, and therefore has practically the same in- 


Prim. / X Drop 


Fic. 2 


fluence at both loads, it follows that the regulation obtained by 
either formula (1 to 4) approximates more closely the true 
value. Thisisillustrated in Figs. 1and 2. From Fig. 1 formulas 
1 to 4 may be deduced. Fig. 2 substantiates the fact that 
formulas 1 and 3 are more accurate than those formulas wherein 
the exciting current 15 incorporated. 

From Fig. 2 it is seen that as long as the exciting current 
remains constant in magnitude and in phase relation to the 
induced e.m.f., the presence of exciting current does not affect 
the regulation one way or the other, but that the decrease in, 
and phase displacement of, the exciting current from no-load 
to full load has a tendency to improve the regulation. 
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The diminution of the exciting current is due to the fact that 
a large proportion of the primary impressed e.m.f. is consumed 
in forcing the full load current through the winding and therefore 
the induced e.m.f. is reduced, with resulting decrease in flux 
density in the iron and a corresponding decrease in exciting 
current. Тһе phase displacement is due to the fact that as the 
exciting current is reduced in value, the iron loss component of 
the exciting currentis reduced by a smaller percentage than the 
magnetizing component; this is true for values of the induction 
commonly used in distributing transformers. At fairly low 
inductions, however, the reverse of the above is true. 

The vectorial change in the exciting current is shown in 
Fig. 2 by the line Y P, and the vectorial increase in the secondary 
induced e.m.f. is shown by E A. 

No doubt the reason that led to incorrectly incorporating the 


© Prim. / X Drop > 


Impedence Volts 
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exciting current in some of the foregoing formulas was due to its 
influence on the power factor in the primary windings of the 
transformer. A change in the power factor of the load does 
affect the regulation, but inasmuch as the change referred to is 
on the primary winding only, it does not affect the ratio of the 
change from no load to full load in the voltage across the termi- 
nals of the secondary winding to the full load voltage, and this 
agrees with the definition of regulation. 

The impedance is ordinarily measured by short circuiting 
the Secondary and putting full load current into the primary of 
the transformer. A small component of this current must 
necessarily be magnetizing current so that if full load current is 
flowing in the primary, the secondary current is slightly less than 
full load. In Fig. 3 the measured impedance is equal to ЕТ, 
the true impedance would equal F A. This is greater than the 
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measured impedance by PA. The error introduced is, how- 
ever, quite small. Furthermore, the difference between the 
actual voltage drop from no-load to full load, with flux and mag- 
netizing current constant, and that calculated from the short 
circuit impedance, as shown in Fig. 3, is practically compensated 
for by the reduction of the voltage drop, due to the fact, shown in. 
Fig. 2, that the magnetizing cufrent is less at full load than at 
no-load. Therefore, the regulation resulting from formulas 
1 and 3 is as correct as it 1s possible to obtain. 

In considering the influence on regulation of the transformer 
characteristics, which have been claimed to be most important, 
it is not surprising that the regulation of modern distributing 
transformers is not as consistent as its importance warrants. 
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This is probably due to the fact that the iron and copper losses 
were pre-determined and the regulation was made as low as 
possible consistent with these limitations. Inasmuch as the 
copper loss and the reactive drops are controlled directly by the 
pre-determined characteristics, Figs. 4 and 5 are given to show 
the variations іп the regulation with certain given values of the 
I X and I R drop. Fig. 4 shows the variation in the regulation 
with the impedance constant as the power factor changes, and 
from this it will be seen that where circuits have a power factor 


greater than 70 per cent, the ratio of a should be greater than 


one to obtain the best regulation for a constant impedance. 
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On the other hand, if the transformers are to be operated at 
: I X 
power factors less than 70 per cent, then the ratio of TR 


should in general be less than one. In Fig. 5 is shown the varia- 
tion in the regulation with the resistance constant and the 
reactance variable. From this it is seen that as far as regulation 
is concerned the best transformer for all power factors is one with 


the ratio of 45 as small as possible. Fig. 6 shows that with 


the reactance constant and copper loss drop variable, the best 
transformer for all power factors, from the standpoint of regula- 
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tion, is one where the ratio of TR 1525 great as possible. Figs. 5 


and 6 are of value only in showing the variation in the regulation 
for certain changes in other characteristics and how regulation 
of a given value may be maintained by changing the construc- 
tion of the windings in a transformer having the same general 
dimensions. 

It is usually impractical to obtain transformers with the best 
regulation unless some other characteristic is sacrificed. There- 
fore, each characteristic in a well balanced design should be given 
due consideration, and one made equally as good as another, 
depending upon its relative importance to the economy of opera- 
tion of the average central station. 
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If, at the present timc, the manufacturers were called upon 
to improve the regulation, this could be accomplished only at 
the sacrifice of other characteristics of the transformer, or an 
increase in the active material of the transformer, or by im- 
provements in material. 
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In Fig. 7 it will be seen that by maintaining a constant iron 
loss, any reduction in the regulation would mean a considerable 
increase in active material necessary. It must be remembcred 
that with the condition as shown in Fig. 7, the copper loss would 
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also be reduced in the same ratio as the regulation. From Fig. 8 
it will be seen that with the active material constant, any 
further reduction in the regulation must be made at the sacrifice 
of the iron loss, or reversing this statement, it may be said with 
present quality of materials that any further reduction in the 
iron loss would be at the sacrifice of the regulation. 

Consider the relative value of the regulation as compared with 
other characteristics in the economical operation of a central 
station; taking for example one where the cost of generating is one 
cent per kilowatt-hour, and the energy is sold at seven cents per 
kilowatt-hour, this being assumed as a proportionate average 
of the lighting and power rates. The average full load operation 
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per day to make the value of the regulation сама! that of the 
iron loss would be only four hours, inasmuch as the regulation 
would be evaluated at six cents per kilowatt-hour. These 
figures are based on a power factor of 100 per cent which is, of 
course, higher than the average central station power factor. 
Considering the improvement in the lighting service obtained 
by the consumer when transformers of better regulation are 
used, it would appear that the value of the regulation is greater 
than that of the iron loss when the transformer is operating at 
full load, or its equivalent, for more than four hours per day. 
There are certain local conditions in every central station that 
tend to modify the foregoing results, such as free lamp renewals, 
the price of power, the cost of gencrating, etc. 
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While it is true that most of the central stations are adopting 
induction feeder regulators to compensate for the line regula- 
tion, they cannot be made to compensate for transformer regu- 
lation inasmuch as there are necessarily a number of transformers 
of different capacity on the same feeder which do not have the 
same regulation and which furthermore are not equally loaded 
at the same time. 

To obtain a good regulation on modern transformers, when the 
values of other characteristics have been predetermined, resort 
has been made to many different methods. Fig. 9 shows the 


VENTILATING 
“DUCTS 


Үү. 


5 4 6 8 
Fic. 9.—Relative arrangement Fic. 10.—Relative arrangement 
of windings of small distribu- of windings of large distribu- 
ting transformers ting transformers 


internal connections of the coils on the smaller sizes of the dis- 
tributed shell type transformers, while Fig. 10 shows the inter- 
connection of the coils on the distributing transformers of larger 
capacity where continuous oil ducts have been introduced to 
provide for the cooling. It may be noted in Fig. 10 that one of 
the oil ducts 1s placed between two sections of the high tension 
winding. This serves two functions, one to cool the primary, 
which, having a low space factor, might otherwise run excessively 
hot and the other to provide better regulation than would be 
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obtained if the duct was placed between the low tension and high 
tension coils, thereby increasing the reactance. Fig. 11 shows 
the shell type transformer with “© pan-cake’’ coils and it will 
be noted that a large number of coils are necessary in that they 
are interlaced, for the purpose of reducing the reactance and 
thereby securing a low regulation. The core type of trans- 
former is shown in Fig. 12. It will be noted that a low regulation 
is obtained by long cylindrical coils without any interlacing of 
same. 
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former 


The methods of inter-connection and interlacing, as illustrated, 
enables as good a regulation to be obtained with the three- 
wire secondary operation as with the two wire service. In 
fact, the methods shown in these illustrations have made it 
possible for the manufacturers to guarantee a regulation on 
either side of the three wire system, when one side is loaded, and 
the other unloaded, to be as good as the regulation of the two 
wire system. 
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With reference again to Figs. 9 and 10, which show the latest 
construction of the distributed shell type transformers, it is 
interesting to note the method used in interlacing and connecting 
these windings in order to obtain the very lowest possible results 
for given conditions. "This exemplifies the care that has been 
taken to obtain the very best regulation in modern transformers. 
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ECONOMIC LIMITATIONS TO AGGREGATION OF 
POWER SYSTEMS 


BY ROBERT A. PHILIP 


Limitations on the distance to which power can be transmitted 
electrically have been investigated from time to time. In this 
paper it is the purpose to point out that the limiting distance 
of transmission is not the limit of economical interconnection 
and that there is probably no such limit. It 1s also the purpose 
to outline certain principles of electric transmission which in- 
dicate the line along which unlimited extension of electric net- 
works may proceed. 

Electric power promises to become the universal power of 
the future. It is not a substitute for steam power or water 
power; it competes with no prime mover. Electric power is 
essentially a secondary power. Prime movers produce useful 
but crude mechanical power from the rough, irregular forces of 
nature. Mechanical power, transformed and refined in the 
electric generator, becomes electric power, the highest known 
form. The highest form because it can be changed to other 
forms, heat, light, motive power, chemical action with un- 
paralleled directness and simplicity. It is the uniform method 
of applying any kind of power from any source to any work. 
To other powers it stands as a common medium of exchange. 
Prime power is like property, electric power like money. 

The electric motor consumes electric power produced by an 
electric generator driven by a prime mover. When an electric 
motor is substituted for a steam engine the load is merely trans- 
ferred from one prime mover to another. There is a loss of 
power in the electric generator, a loss in the electric transmission 
line and a loss in the electric motor. In spite of these losses 

NOTE.— This paper is to be presented at the Boston Meeting of the 
A. I. E. E., February 17, 1911. Notice of oral discussion or any written 
discussion should be mailed to reach the Secretary of the Boston Branch, 
Harry M. Hope, 147 Milk St., Boston, Mass., before date of meeting. 
Written contributions received within 30 days thereafter will be treated 


as if presented at the meeting. 
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electric transmission and distribution of power 15 commercially 
successful because of economy, flexibility and cleanliness. 

The motor is economical merely because the prime mover on 
which it ultimately depends is still more economical; that 1s, 
electric power is an advantageous means of producing com- 
petition between different prime movers and thereby displacing 
those that are wasteful. Every circumstance unfavorable for 
economical power generation can be found in varving degrees 
among isolated plants while central electric generating plants 
may take advantage of every practicable economy. Certain 
highly important differences favorable to centralized prime 
movers are greater size, greater diversity factor, greater load 
factor, convenient location for fuel and water and cheap land. 
Of these some are automatically cumulative. As the plant grows 
its economy increases and as the economy increases it surpasses 
that of more and larger isolated plants, displaces them and 
thereby grows some more. Furthermore, electric power is not 
limited to bringing a large prime mover into competition with a 
small prime mover of the same kind; it goes farther, taking for 
its source any other kind of prime mover which may be more 
economical. The economy of electric power is essentially pro- 
gressive and is only limited by that of the best prime mover 
of any size, any kind, anywhere. 

Power is used to produce results. The requirements for 
economical production and economical application of power are 
antagonistic. Concentration and continuity are essentials for 
favorable production, while subdivision апа controllability 
best adapt it to its uses. Electric power reconciles these diverse 
requirements. While concentrated at the continuously running 
generator, it is subdivided at the intermittently running motors. 

Essentially a secondary power, it consumes no raw material 
and emits no waste material. No water or fuel goes in, no ashes, 
water or gases come out. Increased human activity and eff- 
ciency require and depend on increased power, per capita, per 
square mile, per cubic yard. Contamination of the air by prime 
movers sets an artificial limitation to beneficial concentration. 
Electric power removes the limitations and opens up new 
possibilities. The modern city subway can be operated by 
electricity and by that alone. 

The principle underlying the success of electric power is that- 
of uniformity. Incidentally, to be uniform, the method must 
be indirect. The same principle underlies the. use of money. 
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Property may be exchanged directly by barter, but the uniform 
method of indirect exchange by purchase and sale is superior. 

In each case the intermediate medium of exchange gives the 
flexibility necessary for equalizing production and consumption 
on a large scale. The public service corporations which dis- 
tribute power have a function analogous to a banking system. 

They constitute clearing houses for balancing the individual. 
increases and decreases of power requirements of a community 
as a whole and provide a centralized reserve for meeting promptly 
any total net increase. 

The power plant which does not use electric power stands 
alone. In the continual readjustment of industry, there are 
shifting deficiencies and surpluses of power which cannot be 
economically met by increasing, decreasing and moving local 
prime mover power plants. Іп the aggregate, the disproportion 
of the 1solated prime movers to their loads must be enormous. 
This leads to the conclusion that there is a great collateral ad- 
vantage in using electric power, wherever practicable as an inter- | 
mediate step between the prime mover and the work, thereby., 
providing the necessary means of immediately and without . 
further expense participating in the advantages of uniting re- . 
sources with the rest of the community whenever emergency, | 
convenience ог economy require it. 

The success of electric power distribution and transmission 
has been due largelv to two specific applications of the under- 
lying principle of uniformity. First, that it is cheaper to gen- 
erate power by steam in one large plant than in numerous little 
plants. Second, that steam power may be economicallv super- 
seded by otherwise impracticable water powers. These two 
applications have built up two classes of transmission svstems, 
those from central steam plants originating at the large centers 
of population and radiating into the country where they supply 
current for railways, light and power in outlying towns and 
villages; those from water powers starting from the mountains 
and converging toward the cities. These applications alone, 
though stimulated by increased consumption and higher price 
of fuel, may extend the economical radius of transmission, but 
not indefinitely. 

On the other hand, if there 1s no increase in the economical 
radius, nevertheless, the continued development which тау be . 
reasonably expected along present lines will in time cover the 
countrv with high-tension distribution and transmission lines. 
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These lines will form short contiguous but independent trans- 
mission systems each one having a specific function of distribu- 
tion or transmission which pays for the interest on the investment 
the repairs and maintenance and the cost of power used up in 
core loss and other friction or leakage necessary for keeping the 
system alive. While each line is uscful and necessary, every 
line is subject to periods when it is idle. In other words, its 
load factor is low. During off peak hours, power can be trans- 
mitted subject to no charge for interest, repairs or maintenance 
and free of deduction for the constant losses of the system. 
Devoid of these encumbrances, the usual limitations to the 
distance to which power may be transmitted do not hold. 

This opens the way to a broader application of the principle 
of uniformity. The differences in economy between large and 
small steam plants and between steam and water power plants 
are not the ultimate limitation to transmission. Were the 
limitations reached in these two directions there remains a vast 
field of economy in applying the principle in other directions. 

Diversity factor alone contains almost inconceivable possi- 
bilities. Wherever there is intermittent work diversity factor 
may be expected. In so far as it 1s unnecessary to do two dif- 
ferent things simultancously it should be unnecessary to dupli- 
cate the power supply. Since the point of application of elec- 
tric power may be instantly transferred from place to place, 
only a half (or other fraction, as the case may bc) of the prime 
power is required in a central plant which would be needed in two 
or more separate local plants. This fraction is the diversity factor. 
It has already done much to enhance the advantage of the 
large plant over the small one but thc large plants in turn are 
governed by local conditions and, like the isolated plants they 
supplant, they have important diversity factors among their 
loads. Thus the conditions determining the hour of peak vary 
considerably in different cities, with the industries and customs 
of the inhabitants, with local weather conditions, with the 
altitude, latitude and longitude; the artificial convention of 
standard time makes an hour's difference in time of starting 
work in nearby cities and over greater distances the natural 
difference in time makes greater differences. 

Water powers have a peculiar species of diversity factor of 
production due to non-coincidence of deficiencies. While there 
are dry years in which all water powers may suffer deficiency, 
the idea of coincident deficiencies is largely due to insufficient 
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and inaccurate records. From the nature of the case the 
rains, snow fall, freezing and thawing must vary widely ac- 
cording to the location and exposure of the watersheds. There 
will be some diversity between the flow of any two streams though 
they be adjoining, a greater diversity between those on opposite 
sides of a divide, and more between those on different mountain 
groups. A large river. which runs dry for short periods for lack 
of storage and a large reservoir on a small stream are each de- 
fective for power supply, but together they may be mutually 
supplementary. By combination the bulk of the power may be 
derived from rivers on one watershed, the reserve storage from 
those on another. 

Economy of reserve is another application. The large plant 
gives centralized reserve, the large system gives a diversity factor 
among accidents and an interchange of reserve. 

More remotely the general extension of transmission may open 
up possibilities of developing the intermittent powers of nature 
which, variable and unreliable in any one locality, may, taken 
over a large area, or in connection with each other or with 
existing developments, be found to be uniform and reliable. 
Thus the tides occur at different hours at different points. 
Variable powers such as the wind have appeared impracticable 
largely because they have never been studied adequately, and if 
developed locally, require a prohibitive expense for regulating, 
equalizing and storage. Comprehensively developed as an 
auxiliary to an established system which could use the power as 
available, the cost of power from these sources would be far less 
than has been heretofore supposed. 

Transmission lines are the highways of power. Having made 
power portable and universally applicable by reducing it to the 
electric form, it is inconceivable that the highways over which 
it travels will not be vastly more useful if interconnected. 

More definitely, there is the present problem of existing trans- 
mission systems growing beyond the bounds for which they have 
been designed by the annexation of adjoining independent sys- 
tems as one by one the collateral advantages pass into the do- 
main of accepted fact. 

To design a transmission line to transmit power from a water 
power plant to a city is a definite problem. To interconnect 
two such lines to accomplish some auxiliary purpose not in the 
original design is quite a different problem. The intercon- 
nection of two transmission systems is like combining two rail- 
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roads, first, there must be a physical connection, then unified 
operation. Ав the gauges of the railroads must be reconciled, 
so the frequencies, phases and voltages must be adapted by 
reducing to a common standard or the power must be converted | 
at the junction points. Then the flow of power in the network 
must be controlled so that, within the limitations of the wires 
provided, power may be transferred at will from points of sur- 
plus to those of deficiency. This problem of interconnection 
differs from that of transmission in introducing as an element 
the idea of reversible transmission, that is, either end of the line 
may be generating or receiving end. 

The interconnection of two systems forecasts future connec- 
tion with a third and fourth. Such extension carried on in- 
definitely, leads to the conception of a single vast system which 
may be built up in the future. Electric power is successful 
because it is the one uniform method of equalizing supply and 
demand. Every extension and interconnection broadens the 
field in which it can act and should increase its success. Con- 
tinued, indefinite extension 15 desirable and inevitable if possible. 

As electric power is like a common denominator to which all 
other power is reducible, so alternating current is the common 
form to which electric power itself must be reduced to become 
universally available. Direct current is useful and necessary 
but its function, for the present at least, is that of a form aux- 
iliary to or derived from alternating current and limited in the 
distance which it can travel to a single locality. Alternating 
current combines a suitability to the high pressure necessary for 
transmitting power in bulk long distances with a simplicity of 
division and subdivision both of power and pressure which is 
necessary for the ultimate distribution. Furthermore, the 
alternating current system has unique qualities which especially 
suit it for reversible operation, and thereby adapt it for indefinite 
extension. 

Electric currents are commonly regarded as flowing from 
points of higher potential to those of lower potential. With 
direct currents the potential of the gencrating end of the line 
must be higher than that of the receiving end directly in pro- 
portion to the power delivered in order to overcome the line 
resistance. . With alternating currents delivering the same power 
over the same line at the same voltage and at unity power factor, 
the potential of the generating end must be still higher as the 
reactance as well as the resistance of the line must be overcome 
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even if the power is delivered at unity power factor, which is 
usually regarded as the most favorable сазе for alternating trans- 
mission. If the power is delivered to an inductive load the power 
factor will be lower than unity and the potential of the generating 
end must be higher yet in order to force the magnetizing current 
over the line in addition to the working current. 

To provide for the variation of drop of potential in a trans- 
mission line at varying loads numcrous devices are used. The 
generator voltage may be varied through adjustment of the 
field rheostat or by compounding; the ratio of step-up and step- 
down transformers may be made different so that the generator 
voltage will be the same as the receiver voltage at full load instead 
of at no-load, as would be the case if the transformers had the 
same ratio; or separate hoosting transformers may be used to the 
same end; a regulating dial connected to taps to the transformer 
windings may be used to vary their ratio, or a regulator con- 
sisting of a separate transformer of variable ratio may be used 
бог the same purpose. | 

While in ordinary alternating-current transmission supplying 
only lights and induction motors the potential at the generating 
end is necessarily higher than at the receiving end, in a trans- 
mission line supplying a svnchronous motor taking a leading 
current the condition may be reversed and the potential may be 
higher at the receiving end than at the generating end so that 
the current flows from a point of lower to one of higher potential. 

While leading currents may cause the potential at the receiving 
end to be higher than at the generating end they do not do so 
necessarily. With a large amount of leading current the po- 
tential may be higher at the receiving end but with a small 
amount it may be lower and with an intermediate amount it 
may be the same at the two ends and may be maintained the 
same even if the load varies by a corresponding variation in the 
amount of leading current. 

Power may therefore be transmitted over a line by alter- 
nating currents without change of potential and a system may 
be built up by adding other lines until a network is formed uniting 
many power houses and many substations. In such a system 
the potential may be the same at the bus bars of every power 
house and every substation and yet power may be transferred 
at will through the network in any direction. Since the po- 
tential at the edges of such a network is the same as at the 
center it is evident that the system is capable of indefinitely 
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great extension. While the power is transmitted without loss 
of potential there 1s a loss of energv equal to the square of the 
current multiplied by the resistance as usual. The possibility 
of extension is not for the transmission of power in bulk for 
indefinitely great distances but rather for the extension of a net- 
work containing points of generation at intervals, the load being 
equalized on the points of generation by means of the network 
which permits of power being transmitted to or from any point 
in any direction for distances as great as considerations of 
emergency or economy may indicate from time to time. 

In view of the customary drop of potential from the gen- 
erating to the receiving end of the line, transmission without 
this drop may at first seem to be an abnormal and unstable con- 
dition but this is not the case. 

Suppose two identical machines connected bv a line, one run 
as an alternator and the other as а svnchronous motor. ІҒ the 
resistances and reactances of the armatures are so small as to be 
negligible and if the strengths of the fields are so great com- 
pared to that of the armatures that the effect of armature reac- 
tion is negligible then this combination will automatically 
transmit the power with constant potential at each end of the 
line independent of load and of line impedance. If the arma- 
tures of the machines have appreciable resistance or reactance 
there will be a drop of potential from no-load to full load but it 
should be noted that the drop results from the resistances and 
reactances іп the machines, not those in the line. It is therefore 
only necessary to improve the regulation of the machines them- 
selves to attain a natural constant potential transmission system. 

To operate a synchronous motor on the constant-potential 
system we should therefore adjust its field, not according to'a 
power factor meter but according to a voltmeter on the line as 
it is normal line voltage, not unity power factor on the motor, 
which is desirable. Тһе condition, previously assumed, that 
the synchronous motor is a machine which is a duplicate of the 
generator is not essential, also any other kind of load may at the 
same time be supplied by the same line. Where both syn- 
chronous and induction motors are operated from the same line 
the voltmeter method of adjustment has the advantage of sim- 
plicity in that the proper adjustment of the field of the syn- 
chronous motor for overcoming the lagging currents of the 
induction motors is obtained thereby although the currents 
taken by the induction motors are unknown to the one making 


1911) PHILIP: ECONOMIC LIMITATIONS 257 


the field adjustment. Where synchronous motors are used on 
lighting systems the advantage of operating them on the con- 
stant potential system is obvious for if correctly operated in this 
manner the regulation of the system, which is of prime im- 
portance, becomes perfect. | 

Taking again the case of the two-machine transmission just 
considered. Suppose a mark made on some point of the rotor 
of the generator and a similar mark at the corresponding point 
of the rotor of the motor. At no-load the marks will reach the 
top of the circles in which they revolve at the same time indi- 
cating that the voltage of the motor is in phase with that of the 
generator; as the load comes on the mark on the motor will fall 
behind that on the generator, reaching the top position a little 
later, indicating that the voltage of the motor is falling behind 
that of the generator. This illustrates the principle that in 
constant-potential transmission current flows and power 15 
transmitted from points of advanced to those of retarded phase. 
In other words the potential of the receiving end must drop 
behind that of the generating end in phase instead of below it 
in magnitude. | 

In а direct-current transmission with constant generator po- 
tential the amount of power transmitted increases with in- 
creased drop of potential up to a certain maximum and then 
decreases again, so with constant potential alternating trans- 
mission the amount of power increases with increased retarda- 
tion of potential phase up to a maximum and then decreases 
again. In each of these cases the range from no-load to the 
maximum load is the range of stable operation, beyond the 
maximum is a range of unstable operation. In each case too, 
the maximum power which may be transmitted depends on the 
constants of the line. The greater the resistance the less power 
that may be transmitted by either direct or alternating currents. 
The analogous assumption that the greater the line reactance the 
less the power that may be transmitted by alternating currents 
is incorrect. With no line reactance no power could be trans- 
mitted at constant potential, but as all lines have some reac- 
tance this case would never actually occur. Up to a certain 
limit the greater the line reactance the greater the maximum 
amount of power which may be transmitted. For every trans- 
mission line there is therefore a range of stable operation for 
constant potential transmission. 

The utility of a system of transmission depends partly on the 
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ease with which its operation can be foretold by-calculation. 
On this basis the constant potential system is at a great ad- 
vantage for its characteristics can be shown in a simple diagram 
constructed from constants which are rcadily calculated and 
have an easily understood physical meaning. 

Geometrically the flow of power is represented by straight 
lines and circles, algebraically by quadratic equations both 
expressed in terms of the amount of power the line takes when 
short circuited. 

The calculations and the conclusions from them are given in 
more detail in a supplement to this paper. The results show 
that: 

The constant potential alternating system is on a par with 
direct current as to the amount of power and as to the efficiency 
of transmission over a line of given resistance and voltage. 

A comparatively high line reactance is a favorable feature 
both as regards amount and efficiency of power transmission 
and therefore a frequency of 60 cycles per second may be better 
than one of 25 cycles for power transmission. 

Reactance makes a line opaque to short circuits but wattless 
power introduced at the receiving end makes it transparent to 
the flow of uscful power, therefore the power at short circuit 
тау be less than at full load. 

А short circuit may be a local matter not interrupting the 
service of the system as a whole, not affecting the voltage except 
for a limited radius, and not draining any extraordinary amount 
of power from the system. 

Switches of limited capacity may be safely used on sy ystems 
of unlimited power. 

Blocks of power too great to be safely controlled may be sub- 
divided by artificial lines instead of being entirely separated. 

There are no limitations to amount of phase difference, there- 
fore none to unlimited extension at constant potential, but in 
distant parts of a large system the difference may be so great 
that one machine may be one or more complete cycles (or even 
revolutions) behind another. 

In interconnecting different branches of a large system the 
actual as well as the apparent phase difference must be consid- 
ered, therefore the readings of any ordinary synchronizing 
device may fail to indicate the true phase relation. 

Constant potential transmission requires controllable leading 
currents, synchronous motors are the practical source of such 


Il mme V dir ore c E Sm do mra 


1911] PHILIP: ECONOMIC LIMITATIONS 259 


currents, therefore the first step in establishing such a system 
is to have as large a part of the receiving equipment as possible 
composed of synchronous motors, to have these motors designed 
for carrying full load with leading currents of say 80 per cent 
power factor, and to have their voltage controlled by non- 
compounded voltage regulators. 

Rotary converters are synchronous motors, but as ordinarily 
constructed are poorly adapted for operation with leading 
currents. | | 

The electrostatic capacity of transmission lines furnishes lead- 
ing currents which are not directly controllable and are there- 
fore not the equivalent of those from synchronous motors. e 

Synchronous motors can take lagging as well as leading 
currents, but the lagging currents taken differ from those of 
induction motors in being controllable. 

The leading currents of line capacity and the lagging currents 
of induction motors subtract and add respectively certain 
amounts to the available leading currents to be furnished by the 
synchronous motors, that is, they do not affect the range of 
control required but rather shift the mean position of this range 
toward lagging or leading respectively. 

To summarize the principles here outlined. First is that of 
the solidarity of the power market as a whole, next is that of the 
place of electric power in this market which, not itself a prime: 
power yet is the common medium of exchange for all prime 
power. From this follows naturally the indefinite extension and 
interconnection of transmission lines, the highways of power. 
Underlying all these is the requirement that electric power 
though poured in unlimited amounts into a system of indefinitely 
great extent must be as mobile as the trains on the country's 
railroad network, must be universally uniform in quality, must 
never be totally interrupted and though in amount unlimitedly 
great must not be uncontrollable. То meet these requirements 
electric power must take the alternating-current form and 
should be transmitted on the constant-potential system.  Fin- 
ally, this system is one using high line reactance made transparent 
by leading wattless currents and.transmitting power by dis- 
placing the phase of the voltage instead of varying its amount. 


SUPPLEMENT 


Below are developed certain formula for the transmission of 
power by alternating currents at constant potential. 
Before deriving the formula for the construction of the dia- 
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gram the meaning of the constants in terms of which the results 
will be obtained may be explained and their method of calcula- 
tion shown. 

We are now considering a certain line (single-phase) which 
is to be operated at a constant potential Е. The resistance 
of the line is R, its reactance X and its impedance Z; these are 
calculated from tables in the usual way by multiplying the tabu- 
lated values per unit of length by the length of the line. 

Consider now that one end of the line is maintained at 
potential Е and the other end short circuited. А short circuit 
current J will flow. By the analogy to Ohm’s law which holds 
fer alternating currents, the current J is equal to the potential 
divided by the impedance or E/Z. To maintain this short 
circuit current requires power equal to ГЕ or its equivalent 
Г Z apparent watts. The apparent watts J? Z for which we 
may write W; are composed of two components, the '' true ” 
watts J? R and the “ wattless " watts Г X for which we may 
write W, and W^; respectively. 

Consider next that the potential at one end of the line is main- 
tained at the same potential E but with direct instead of alter- 
nating current, and the other end is short circuited as before. 
A short circuit current J’ will low. By Ohm's law the current 
I' is equal to the potential divided by the resistance or E/R. 
To maintain this short circuit current requires power equal to 
ГЕ or I? К watts. For this power absorbed by the short 
circuit current we may write W. 

The four constants Wi, Из, Из, and W are all that are re- 
quired for the construction of the constant potential trans- 
mission diagram. They are interpreted physically as power 
absorbed by the line at short circuit. Тһе first three are re- 
spectively the ' true”, “ wattless’’ and “ apparent” power 
absorbed at short circuit with alternating current and the last 
one is the power absorbed at short circuit with direct current. 
Of the four constants there are really only two independent, 
the other two being used for simplicity and symmetry of ex- 
pression and for aid in the physical interpretation of the re- 
sulting equation. Thus any two may be eliminated by the usc 
of the relations shown algebraically in equations (16) and (26) 
given hereafter, or shown geometrically by the two equivalent 
constructions illustrated in Fig. 2 and Fig. 3, respectively. 

Тһе derivation of the formula for the constant potential trans- 
mission diagram is from the auxiliary voltage diagram shown 
in Fig. 1 as follows: 


us 
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Fig. 1 represents the voltage relation in a line transmitting any 
amount of power (say wi) at constant potential. In addition 
to the- true power w, delivered there will also be of course а 
wattless component we, the resultant of the two components 
being the apparent power 1; delivered. 

The voltages at the generating and receiving end are each 
equal to E. That at the receiving end is behind that of the 
generating end by the angle 0. Тһе current $ is necessarily 
leading at the receiving end and is ahead of the potential at 
that end by the angle a. Тһе cosine of а is therefore the 
power-factor of the receiving end and the sine of м is the in- 
ductance factor. The potential at the receiving end being out 
of phase with that of the generating end there is a diffesence of 
potential e between the two ends of the transmission line in 
spite of the fact that the potentials at the two ends are num- 
erically equal. Since the line is necessarily inductive the cur- 
rent ; must lag behind the potential e by an angle Ф. Тһе 

cosine of ф is therefore the power 
x factor of the line itself and the sine 
$ of Ф its inductance factor. The 
аа diagram is now completed Бу draw- 
! ing lines showing the resolution of 
% the received voltage E and line 
2 voltage e into components in phase 
with and in quadrature with the 
current and by drawing a line 
bisecting the angle 0 which line consequently becomes a рег- 
pendicular to e. 

From the diagram we find by elementary geomctry: 


Fic. 1.— Voltage diagram 


0 л 
о ое (1) 


а 


Ву trigonometric reduction of (1): 


sin 5 = — cos (а--ф) (9) 


біп 5 = sin asin ф — cos а сов ф (8) 
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From the diagram again: 
sin 9 как (4) 
From the law of the alternating circuit applied to normal апа 
short circuit conditions respectively: 
e=iZ (5) 
Е = Ід (6) 
Changing e/E by substituting values given іп (6) and (6), 


transforming algebraically and using definitions of w, and И”; 
as apparent watts: 


е ) ; 
E IZ I IE W: (7) 
Substituting (7) in (4): 
0 аз ? 
sin > = 5 y, (8) 


From the definitions of power factor and inductance factor: 


cos à = — (9) 


$ Wo 
sin а = m (10) 


From the fact that the power factor and inductance factor 
of the line are the same at all loads 1ncluding short circuit: 


(11) 


(12) 


а факсы 
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Substituting (8), (9), (10), (11) and (12) in (3): 


ws И wW T 
2 W; = “93 ИЛ» W 3 И’: ( 


By algebraic reduction of (13) : 
ws? = 2 (we И’. — wi ИЛ) (14) 
The relation between apparent power and its components 15: 
ws? = w+ we? (15) 
W = ИРИ’ (16) 
Substituting (15) іп (14): 
12 +102 = 2 (we И’, — w, И’) (17) 
Ву algebraic transformation of (17): 
(wit Wi)?+ (we W) = Wy (18) 


(18) is the formula desired. 

Interpreting (18) as an equation of a curve with w, and we 
as variables we see that it represents a circle with its center at 
— W,, И’. and of radius W3, therefore passing through the 
origin. 

A diagram in which the power 1$ represented by the position 
of a point, the rectangular coórdinates of which are the truc 
and wattless components of the delivered power тау be called a 
power diagram. Іп such a diagram the polar coórdinates of the 
same point represent by the radius the apparent power delivered 
and by the angle the phase difference between delivered current 
and delivered potential. Since phase difference between current 
and potential is determined by power factor it may be more 
conveniently designated by power factor as the angular co- 
ordinate. 

We may now take a concrete example and construct the 
diagram. Take say a transmission line 11 miles (17.7 km.) long 
composed of two No. 0000 wires spaced 18 in. (45.7 cm.) on 
centers and assume that power is to be transmitted at 60 cycles 
per second at 11,000 volts. 

From a table we find for No. 0000, 18-in. (45.7 cm.) spacing, 
60 cycles: 
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Resistance 0.049 ohms per 1000 ft. (304. З т.) > me 
Reactance 0.106 4 “ 
Impedance 0.117 “ “ й M di 

If impedance is not given it may be calculated kom the re- 
sistance and reactance thus: 4/(0.049?4-0.106?) = 0.117. 

From these we compute for the line: 


Resistance 0.049X2X5.28X11 = 5.69 ohms 
Reactance 0.106х2 «5.28 «11 = 12.3 “ 
Impedance 0.117 Х2Х5.28Х11 = 13.6 “ 

The short circuit current would be 
11000/13.6 = 809 amperes. 

The power required to maintain the short circuit would be: 
True power, 809 x 809 5.69/1000 = 3720 kilovolt-amp.(kw.) 
Wattless power, 809 X809 х 12.3/1000 = 8060 i 
Apparent power, 809 X 809 X 13.6 /1000 = 8900 T 


КИТ? БЕКЕТ The latter figure may also be сот- 
TRUE Power oeuvereo puted more easily thus: 

809 X 11000/1000 = 8900 kilovolt-am- 
peres. 


"74 


3060 KV.~A- 
WATTLESS POWER DELIVERED ° 


700 ey 


The center of the circle is therefore 
at point — 3720, 8060, and the radius 
is 8900, and we construct the diagram 
Fig. 2 accordingly. 

Fic. 2.—First construc. We may determine the maximum 
tion of power diagram amount of power which may be trans- 

mitted over the line at constant potential 
by inspection of the diagram as 5180 kw. А general formula 
for the maximum power may be derived from the diagram 
or from equation (18) rewritten as follows: 


(w+ W,)? =W} — (we—- W2)? (19) 


Since W,, W. and И; are constants (w; + W) and conse- 
quently v, will have a maximum value when (10 — We)? is 
negative or a minimum. The square of (we— We) cannot be 
negative and its minimum value is zero, therefore the maximum 
value is given by 


(чо И/,)? = W (20) 
or 


401 = W3 xS Wi (21) 
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Stating this result in words: The maximum amount of 
power which may be transmitted over a line at constant po- 
tential and given frequency is equal to the difference between 
the apparent and the true power necessary to maintain the short- 
circuit current of the line at the same voltage and frequency. 

The calculations made are all for single-phase circuits but 
they are equally applicable to three-phase, three-wire and two- 
phase, four-wire circuits of the same size wire and spacing by 
simply doubling the amounts of power in every case. This can 
also be done by giving the power diagram a double scale, making 
it applicable to single, two- or three-phase circuits. 

We may next determine the influence which frequency has on 
the use of a line for constant potential transmission. 

The resistance of the line may be taken as independent of 
frequency but the reactance and impedance will vary with 
the frequency and consequently the constants Wi, Й’, and И”; 
will have different values for different frequencies. 

The short-circuit condition for a direct-current line gives, 
from Ohm's law: 


2 
np. (£\ pF 
WHI" R= (=) R= а (22) 


Similar equations for ап alternating-current line аге: 


EY, Е | 

И’, = = (-2-) == (23) 
E 2 

W,-IR- (2) R (24) 


Squaring (23) gives 


Et E E E” 
Wè = 72 = (%) А Е? = (Z) R М R (25) 


Substituting (22) апа (24) іп (25) gives: 
Из? = И, W (26) 
Substituting the value of W} in terms of its components: 


W+W2=W,W (27) 
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By algebraic reduction of (27) 


2 


2 y 
(и, = и) + Wee (5 ) (28) 


The latter is the desired relation. We see from it that the 
centers of the various circles representing the operation of the 


line at different frequencies lie on another circle whose center is 
И . W 
at the point --, 0 and of radius —. 


25 2 
As an example we may construct the diagram for the line 
previously considered at various frequencics. 
As previously computed we have, resistance, 5.69 ohms; 
the short-circuit (direct) current is, therefore, 


11000/5.69 = 1930 amperes. 
Power required to maintain 


the short circuit is 10650 Kw. = ИИ 
1930 X 11000/1000 8 4) 

= 21300 kw. 73 
Taking half of this we have, $ $ ; 

10650 kw. 5 : 

The center of the new circle. -òl ЯК, 
is therefore at the point — ч, : 


10650, 0 and the radius 1s 
10650 and the diagram 15 as 
shown in Fig. 4. 

The construction of the diagram shows that instead of de- 
termining the location of the center of the circle representing 
the operation at a given frequency from the true and wattless 
components (HW; and Wi) of the short-circuit power as previ- 
ouslv done it may equally well be located from the (apparent) 
power necessary to maintain short circuit bv alternating and 
direct current respectively (W3 and W). 

The use of this construction for determining the center of the 
circle when the transmission line already considered 15 operating 
at 25 cycles 1s shown in Fig. 3. 

Тһе complete calculation is as follows: 

From the table we find for No. 0000, 18-in. (45.7 cm.) spacing, 
25 cycles: 

Resistance, 0.049 ohms per ns ft. (304.8 m.) of wire. 
Impedance, 0.066 “ “ ш ME: 


Fic. 3.— Second construction of 
power diagram 
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For the line we compute 

Resistance, 0.049 X2 5.28 X11 = 5.69 ohms. 
Impedance, 0.066 Х2Х5.28Х11-7.65 “ 

The short circuit current 15: 

Direct current, 11000/5.69 2 1930 amperes. 
Alternating current, 11000/7.65 = 1440 ы 

The power to maintain the short circuit is: 

Direct current, 1930 X 11000/1000 = 21300 kw. 


Alternating current, 1440 х 11000/1000 = 15800 kilovolt-am- 


регеѕ апа 21300/2 = 10650 kw. 


2 
- E 
=” V 
- 
- 
=” 
- 


^^ 
„=ч 


© WATTLESS. 


21 200 KW. DIRECT CURRENT (OR А.С. AT 0 CYCLES) 
AT SHORT CIRCUIT 


Fic. 4.—Power diagram 


Adding now to Fig. 4 the circles for 60 and 25 cycles as com- 
puted above and also adding that for 125 cycles computed in a 
similar manner, we find that for the particular line considered, 
more power can be transmitted (at constant potential) at 60 
cycles than at either 25 or 125 cycles, the respective maxima being: 


25 cycles, 4070 kw.; 60 cycles, 5180 kw.; 125 cycles, 3660 kw. 
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The amount of power which can be transmitted over this 
line at 25 cycles could be increased by artificially increasing 
the reactance of the line by the use of reactance coils. 

To determine what frequency permits of the greatest amount 
of power being transmitted over any line (without the use of 
reactance coils) we take the previously written equations 
(21) 10, = W;— W, and (26) W? 2 W, W: 

Substituting values of W, from (26) іп (21) gives 


2 (29) 
101 = И; — Ws 


W 


Algebraic reduction of this gives 


AEE] ә 


The maximum value of | would occur when the square of 


(% — ws) was negative, but as that isimpossible it occurs when 


the square is 0; therefore when 


=> (31) 
Substituting this value іп (26) 

W md (32) 
Substituting from (31) and (32) in (21) 

шу= T (33) 
Dividing (32) by (31) gives 

жүт? в 


Equation (34) тау Бе stated as follows: The greatest amount 
of power can be transmitted over a line (at constant potential) 
at that frequency which makes the power factor of the line 
itself 50 per cent. 
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Since the greatest amount of power that can be transmitted 
over a line by direct current is one fourth of that necessary to 
maintain short circuit by direct current, equation (33) may be 
interpreted as follows: 

The greatest amount of power that can be transmitted over a 
line (at constant potential) at most favorable frequency is the 
same as the greatest amount that can be transmitted over the 
line by direct current with the same initial voltage. 

The formule given refer to delivered power; a similar relation 
holds for generated power. Thus, if the true, wattless and ap- 
parent line losses are ші”, w” and w3’ and the corresponding 
components of the power generated are, w”, we” and wy”. 


10р = 101" — w’ (35) 
W = Wo” + We ’ (36) 


From the equality of potential and current at the generating 
and receiving ends of the line: 


123 = 103" (37) 
From Fig. 1 
— eee | m 
103 =1 sın 2 = 4042511 9 
From (8) 
P Ne ies 
403 n (39) 
From this 
we Wa? з _ q^ а! 
We We We Из M, (40) 
These substituted in (35) and (36) give 
р m Wi 
w= 4017 — 3? , We (41) 
and 
209 = o^ - 003? . ШЕ (42) 


Ws 
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Substituting these values in (14) gives 
” ” ” Wa? ” ” И/ 2 
Ws *=2/ We И’. + w”? We — wi" Wi+w;”? is ) (43) 


Reduction of this gives 
1037? 22 (ші! Wy — we” Ws) (44) 


By algebraic transformation (44) may be rewritten 


(w "— W,)?+ (ша” + И) = И’? (45) 


КУ.-А, WATTLESS POWER 


Fic. 5.—Power diagram—generated and delivered power 


Interpreting (45), it is a circle of radius W; and center W, 
— We. passing through the origin. Similarly for a line with 
constant resistance, but variable reactance, (45) and (28) show 
that the centers of these various circles Пе on а circle of radius 


A? 
5 апа center at +5, 0. Fig. 5 is a power diagram for both 


the generated and delivered power. It consists of two equal 
tangent circles. From these it appears that with zero power 
delivered there is no wattless power at either end of line. With 
delivered power greater than zero there is always leading power 
required at the delivering end, but at the generating end it is 


Digitized by Google 
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first leading then lagging after passing through a point of unity 
power-factor. 

A transmission line of adjustable reactance carrying a con- 
stant current (at constant potential) will have a constant input 
and an сама! constant output of apparent power, but the true 
power output may vary from zero to a maximum due to varying 
power-factor. The current and resistance being constant, the 
line loss will also be a constant; therefore, the efficiency will bea 
maximum with maximum output. The input is equal to output 
plus line loss, and will be a maximum at the same time. The 
true input is also equal to the constant apparent input, less a 
reduction due to any wattless component. Consequently, 
maximum input, output and efficiency occur when the wattless 
component at the generating end is zero. Under these con- 
ditions the relation between generated voltage, generated and 
delivered current, generated and delivered true power, line loss 
and efficiency are the same as for direct current. Consequently, 
power can be transmitted by constant-potential alternating 
currents, or by direct currents at the same efficiency provided 
the line reactance is suitable. 

At first sight the maintenance of constant potential by in- 
creasing the line reactance and by adding a wattless component 
to the delivered current in order to overcome the increased 
reactance would appear to produce an increased line loss. That 
this is not the case may be scen from the following considera- 
tions. With direct current or with alternating currents as 
ordinarily distributed, the line loss produces a drop in voltage; 
therefore, an ampere is not capable of doing as much work when 
delivered at the end of the line as when generated. If then, 
Бу any device it is possible to counteract the voltage drop so that 
the delivered voltage is equal to that generated, then the same 
work can be done with a smaller number of amperes delivered. 
The device actually used for this purpose is а wattless current 
and the total line loss due to the smaller working current, plus 
the additional wattless current, is no greater than before. 
While this device has neither increased nor decreased the line 
loss, it has made the voltage regulation perfect, a result im- 
possible with direct current. That is, leading wattless power 
introduced at the receiving end of the line does not necessarily 
increase the line loss, in fact it may decrease the loss while either 
leading or lagging wattless power entering the line at the gen- 
erating end does increase the loss. No reactance can therefore 
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be found which will make the efficiency higher than that ob- 
tained when the wattless component 15 zero at the generating end. 
However, as with direct current, there are two currents each of 
which will deliver the same output with zero wattless power 
generated. One gives an efficiency of less and the other of more 
than 50 per cent. Тһе latter, which gives the maximum effi- 
ciency for direct current, gives the true maximum for alternating 
current. 

With a line of fixed reactance and with a load which gives 
zero wattless component at the generator, a3” = щи” and ws” = 0, 
substituting these іп (44) and reducing gives 


w'-2W, _ (46) 


substituting the same in (40) gives 


, 
qe? 401 


ow 47 
И”. IV, ( ) 
and from (46) 
ИЛ? 
vu md (48) 
Hea 
substituting these values іп (35) 
ЕЕ И”? 
10122 IT, 1- 2 карта (49) 
Ws 
This condition of maximum efficiency generally differs from 
, қ ; W 1 
that of maximum output as defined іп (21) unless W. =y 
^3 


as required by (34). 
То show the effect of reactance on a line of constant resistance 
take F for the ratio of reactance to resistance. 


X И’. 


"= kT, 


(50) 


The magnitude of the alternating constants Wai, И» and ИЗ 
may be conveniently compared with the direct current constant 
] Vi I | Ё И”: 
ии 


W by taking the ratios which may be expressed 
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in terms of F. This gives a relation true for any line, the alter- 
nating short circuit power and its two components being a fixed 
percentage of the direct current short circuit power for any given 
proportion of reactance. The relations from (26) are 


И We Ш _ 1| (51) 
ЛУ Twe 7 WerWe 14+P 


Wi WW: WW _ Е ей 
W © We И 1+F 


= E 
АКГ. мин 


155 а Ш | 
JN ANS | 

ДЕ NEVM 
|: Sine 


RATIO OF REACTANCE то "RESISTANCE 


Fic. 6.—Short-circuit power 


И, Wi W, d 


я 53 
W Ws VW24+W2 МЕР eU 


These relations are plotted in Fig. 6 on which has been indi- 
cated the position of the constants of the No. 0000 line assumed 
above. 

The maximum output for any given line reactance has been 
determined in (21); substituting the values from (51) and (53) 
gives 

Q1 Ws Wi 1 1 (54) 
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The relation between output and efficiency with different 
reactances may be determined for other than the maximum 
conditions already discussed as follows: 
Transposing, squaring and adding (35) and (36) gives 
103"? =w +2 wi ш, — 2 We We’ +w”? (55) 
which with (87) gives 


wg? =w, 2 4-105" — 2 (ws We’ — wi w’) (56) 


Let P be the ratio of loss to delivered power 


_ 
P= ш (57) 
Also 
Ws we’ 
Е- W (58) 
From (57) and (58) 
| шуы 
ЕР- m (59) 
Substituting these values іп (56) 
Р? w + Е P? 1012 =2 (ЕР Wi 109 — P 1212) (60) 
This reduces to 
102 _ 1 
м-р (2+Р +P) (61) 
Substituting from (51) and (52) іп (17) 
w tw = 2 (= AN се9 W — яе, T w) (62) 
е 1+2 1- F 


wy SY 2 (тр. ) 
IV (1+ 1012 ) Е 1+ /° (= F l (63) 
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From (61) 
101 2+P(1+F) | _ 
This reduces to: 
4 Р Е 4 РЕ 


Wi _ 


Ww" ##+[Р@+Рў+42Ё °' ОРУ (ІР) Ре G9 


10\ 
W 
mined mathematically to be when 


The maximum value of with P constant may be deter- 


25 CYCLES = eo CYCLES 125 CYCLES 


. € ҚА е 
реет 
2 Ж. LASS ААС MN. | 


visus POWER 
IN 
» 
/4 
/ 


past (66) 


Substituting in (65) gives 
101 Р Е? -- 1 | 
cc ЖОКИ TRE pn 7 
WT (ыру "^ (1) i 

The latter corresponding to the result for direct current checks 
the conclusion already reached. 

In Fig. 7 the results of equation (65) are shown graphically, 
also the points of maximum output at given efficiency and 
maximum output at given reactance. 

А line with no reactance will absorb a very large amount of 
power if short circuited but will transmit no power at constant 
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potential. Give the line reactance and the power taken at 
short circuit 1s decreased but the line acquires the ability to 
transmit power. With increased reactance the short circuit 
power decreases continually, the ability to transmit power in- 
creases to a maximum and then decreases slowly. If the reac- 
tance 1s more than 1.73 times the resistance, the short-circuit 
power is actually less than the transmitted power as shown by 
Figs. 6 and 7 and dus following table: 


M | Short circuit | о | 
1 Ма ЕП 
| 1 +Е2 14F? 
| 
0 1.00 0.00 
1 0 50 0.21 | 
V3 0.25 0.25 (max.) 
2 0.20 0.25- 
3 0.10 0.22 
4 0.06 0.18 
со 0.00 0.00 | 


To obtain the greatest possible output over а line the reactance 


should be 1.7 (3) times the resistance. It therefore appears 
that a high line reactance is favorable for transmission of large 
amounts of power by this system. Under short circuit, however, 
the line reactance greatly limits the amount of power that can 
Бе taken by the line. А short-circuited line may take less power 
than its full load. In other words, more power will flow into а 
line having no drop in voltage from generator to receiver than 
into one having full voltage at the gencrator and zero voltage 
at the receiver. Оп constant-potential systems of unlimited 
extent using high line reactance a short circuit would be a local 
matter, for one point may be short circuited without affecting 
the voltage except for a moderate radius and without con- 
centrating any exceptional amount of power at the short cir- 
cuit. Such a limitation on short circuits insures the continuity 
of the service as a whole, makes it safe to connect an unlimited 
amount of power to such a system (provided the sources are 
distributed) and sets a limit to the amount of power it is neces- 
sary to design switches to handle. 

The same principle may be capable of further extension. 
Between large adjacent plants or between the two halves of a 
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very large plant an artificial line of reactance without resistance 
may be introduced which will limit the power which may pass 
on short circuit without preventing the interchange of power 
required for ordinary multiple operation. 

From this point of view the characteristics of constant- 
potential transmission of power over lines of zero resistance 
(that is through reactive coils)are of interest. Fig. 8, а modifica- 
tion of the previous one with W,=0 shows the relation. Let 
Из be the apparent power taken by the line with one end short 
circuited. From (17) the power transmitted is 


Wi +w? = 2 w, We (68) 
w, = 2 109 И’. = ш? (69) 


= (9) -2 (u) (u) c 


The maximum amount of true power 
which can be transmitted is w= Ws. 
The apparent power taken under this 
condition is из = V2 W,. The maximum 
amount of apparent power which can 
pass through the line with the two ends 
in opposite phase is 4 W;. | 

Taking one-half the maximum as the 
normal rating of such a line it will at 
Plo, Power diagram norma] load take in addition at each 

— transmission through TE 

T end 27 per cent wattless power giving 

an apparent power of less than 104 per 
cent rating, that is a power factor of over 96 per cent, 
at the same time limiting the apparent power in case of a short 
circuit to 200 per cent rating or in the extreme case of the ends 
being out of synchronism and in opposite phase to 400 per cent 
of rating. 

It has been shown that increased line reactance may actually 
increase the capacity of the line for transmitting power. The 
principle that line reactance is beneficial may be further ex- 
tended by showing that adding reactance may also improve the 
efficiency of transmission. The greatest possible output over a 


line is obtained with a reactance 1.7 (V3) times the resistance 
but under these conditions the efficiency (as with direct current) 


GENERATED 


КУ-А. WATTLESS POWER 


| KW. TRUE POWER 


o 
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is only 50 per cent. For commercial purposes the efficiency 
must usually be higher. Taking an efficiency of 90 per cent for 
example and referring to Fig. 7 it will be noted that with in- 
creased reactance an increased amount of power can be trans- 
mitted. Тһе maximum being reached when the reactance 15 


4.4 (V19) times the reactance at which point the amount is as 
great as for direct-current transmission. 

An equivalent result may be reached with Fig. 7 from a slightly 
different point of view by considering the transmission of a fixed 
amount of power say 1/10 of the direct current short circuit 


(7 = 0.10). From this it appears directly that increasing the 
line reactance improves the efficiency. 

Improved efficiency for a fixed amount of power delivered 
must signify a decrease in line loss which for a line of fixed re- 
sistance can only be due to a smaller current transmitted. 
Since the working current is delivered at a fixed voltage any 
decrease in total current must be in the wattless component. 
It may be concluded therefore that increasing the line reactance 
decreases the wattless power necessary for constant-potential 
transmission. 

Fig. 4 illustrates the point in a somewhat different light. 
It shows that for any line reactance there is no wattless power 
at no load. To get power to flow over the line it must be fed 
with wattless power; a small amount permits a small amount 
of power to flow, a larger amount of wattless power permits 
more and so on up to a certain maximum. It shows further 
that as before found for a given amount of power delivered 
increasing the reactance decreases the wattless power necessary. 

Briefly, we may say that line reactance makes a line opaque 
to the natural flow of power, that is, for delivering power at 
unity power-factor or for absorbing it at short circuit. How- 
ever by artificially introducing a suitable wattless current the 
line becomes transparent to the flow of power for the time being. 
Remove the wattless current and the line again becomes opaque. 
Short circuiting the line at the receiving end automatically re- 
moves the wattless current and decreases the flow of power. 
Furthermore increasing the line reactance makes the line more 
opaque to the natural flow and within certain limits more 
transparent to the artificial flow as facilitated by a given watt- 
less current. 
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The phase relations in a constant potential transmission system 
of large extent are of importance. In the ordinary system of 
transmission by direct or altefnating currents as the power flows 
the voltage decreases, in this system the voltage also undergoes 
a change but it is a retardation of phase not a reduction of mag- 
nitude. Phase retardation may һе of unlimited magnitude 
thereby fitting the system for unlimited extension. 

Take the simple case of a single generating station feeding a 
single transmission line with substations at intervals. Call the 
phase of the generating station O then that of the successive 
substations will be behind that of the generating station by 
amounts increasing progressively by regular or irregular intervals 
as for example according to the following assumed figures: 


Generating station А..................... phase 0 deg. 

Substdtion р Soha ask Oe ee eas phase - 60 deg. 
j C E Based Groce i = 120 “ 
: D.. 4 -180 “ 
ы Ес: 4 -240 “ 
» | Mr PT “ 4300 “ 
А С.. 4“ - 360 © 
s Нокталар жеры дшда н ET 4 -405 “ 
“ Шаман esu padova usa i Et 4 -450 “ 
- и. 4 -495 “ 
" аА о разно “ 910407 
ы Dcus ры de E 4 -570 “ 
ч ME ына ҚОБЫЗ UE bata Ё“ — 630 “ 
i IN bitte ice lenin дөлел Ad OE SS 4 – 690 “ 
х O — ——— HOÀ 4 = 750 “ 


Fig. 9 15 a vector diagram of the voltage 
phases of the several stations and the lines 
joining them. It is evident that the vector 
diagram is a polygon inscribed in a circle of 
radius equal to the nominal voltage. The 
polygon may be regular but will usually be 
irregular, it may be closed on itself but will 
Fic. 9.—Voltage usually be open either because incomplete or 

шактай "DLE because the sides are not an exact submultiple 

mission lines А : А 

of a complete circumference. If closed it 
тау be so after one, two or more complete revolutions. The 
voltage at the stations are at the vertices, the sides representing 
the variation of the voltage along the line which it may be 
noted is always a minimum at the middle. The minimum being 
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lower as the phase difference between consecutive stations in- 
creases. While the maximum difference in phase between any 
two stations on a system may be of unlimited amount that 
between consecutive stations is limited. 

If the instantancous voltages, instead of the vector voltages 
were taken they would show the potential moving forward in 
waves from A to O. From A to G would be one complete wave 
length, from G to O would be one and one-twelfth wave lengths. 
The frequency of the wave would be that of the voltage used, its 
velocity would be variable depending arbitrarily on the distances 
and phase difference between adjoining stations. 

Referring again to the vector diagram; points of coincident 
phase such as D and K and A and G are of especial interest. 
Being of the same phase and voltage they may be connected 
and no current or power will flow over the connecting wire. If 
another line ran from A to G by a longer route and entered C 
with a phase of — 720 deg. then the two lines could be connected 
and (for the time being) no current would flow. It is analogous 
to connecting corresponding wires of two spiralled transmission 
lines, one with one and the other with two complete spirals. 

Another case occurs where the phase retardation is not a 
multiple of 360 deg. but is a multiple of the phase angle of the 
system, that is of 120 deg. in a three-phase system or of 90 deg. 
in a two-phase system. Assuming that the system taken as ап 
example is three phase and that another line runs from A to E 
and enters E with a retardation of only 120 deg. On testing 
out for phase it would appear that a phase of one circuit was in 
phase with b of the other and could be connected without flow 
of power or of current and similarly for the other two. 

This phase relation would be stable only for a constant loading. 
As the load varies the phase relation will vary too. With all 
load off the natural condition of the system is with all points at 
phase О. Any interconnection between points having the same 
apparent but different actual phase relation as above discussed 
would cause the circulation of a short circuit current if all the 
load were taken off. However, once established, a system of 
indefinitely great extent while it would vary in load between 
certain limits would never return to a condition of zero load. 

While it is possible and may be desirable to have а uniform 
potential over a network of reversible transmission lines, this 
condition is not essential. Тһе fact that the potential may be 
higher at the receiving than at the generating end of a line has 
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already been referred to. Stated generally the relative voltage 
at the two ends of the line does not determine and is not material 
as regards the direction of transfer of power. Therefore, in a 
network the relative voltage of the different junction points may 
be arbitrarily fixed at any reasonable percentage above or below 
the nominal voltage and held there without preventing the 
transfer of power. That is to say, on a 11,000 volt system 
some stations may operate at 11,000 volts exactly, others at 
fixed voltages of 10,000, 11,500 and 12,000 simultaneously with- 
out regard to variation of load or to the direction of power 
transfer. Lines with their ends held at different fixed voltages 
are reversible but not symmetrically reversible, neither is the 
substation equipment strictly interchangeable. In developing 
a system with a view to indefinite extension, complete inter- 
changeability of apparatus, and perfect reversibility of trans- 
mission would point to uniformity of voltage as the logical plan 
of development. The equations given have therefore been 
limited to true constant potential transmission, though as here 
pointed out the principles on which such transmission depends 
does not preclude an established 13,200-volt system being 
directly interconnected (without transformers or auto-trans- 
formers) with another established 11,000-volt system, each con- 
tinuing to operate at its own fixed voltage. There are, however, 
disadvantages to such a connection which make it desirable 
to avoid it where the differences of voltage are not yet estab- 
lished. 

The formule given neglect electrostatic capacity and leakage. 
They are applicable to those cases where the voltage is not high 
or the length of section is not great. By modification they 
could be extended to include effects of capacity and leakage. 
It may, however, be noted that it is not the capacity of trans- 
mission system as a whole (which may be very great due to large 
extent) but the capacity of the individual line section which 
affects the accuracy of the calculation. In a preliminary exam- 
ination of the theory of constant potential transmission it is 
advantageous to omit consideration of line capacity because 
while capacity may in certain cases greatly modify certain 
Tesults, it is line inductance alone and not line capacity which is 
essential for producing the results. Although lines have ca- 
pacity as well as inductance and although in a gencral way 
reactances due to capacity and those due to inductance are 
physical quantities which can cancel each other like positive 
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and negative numbers, yet in a transmission line the capacity 
and inductance are related to the line in different ways (shunt 
and series respectively) and do not cancel but produce semi- 
independent results which are of a different nattre. The ca- 
pacity adds a component to the current, the inductance sub- 
tracts one from the voltage. In this method of transmission it 
is the inductive reactance which is of prime importance because 
that directly controls the voltage which it is the purpose to keep 
constant. The capacity reactance (or rather susceptance) of 
the system as a whole affects the amount of wattless current 
which it 1s necessary to produce at the several stations and sub- 
stations, but as any amount necessary 16 supposed to be ob- 
tainable from suitable synchronous motors and generators, the 
capacity currents would be neutralized artificially whenever 
necessary at these points. On any section between two stations 
there would be a local effect which is however of only secondary 
importance. | 
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CONVENTIONS IN CLOCK-DIAGRAM 
REPRESENTATION 


BY W. S. FRANKLIN 

Everyone understands the vector representation of simple 
alternating electromotive forces and currents, and therefore a 
skeleton outline will be sufficient to call to mind the connection 
between: (a) the two styles of clock-diagram, and (b) the usual 
geometrical conventions in trigonometry and the usual conven- 
tions governing the geometrical interpretations of complex 
quantity in algebraic analysis. | 

Definition. А harmonic electromotive force (or current) 
is an electromotive force (or current) which varies as the sine or 
cosine of an uniformly increasing angle. This may be ex- 
pressed in accepted notation by the familiar equation: 


e = Esinot (1) 


In the geometric representation of harmonic electromotive 
forces and currents two styles of clock-diagram are in use. 
These we will designate as diagram A, and diagram B. 


CONCERNING DIAGRAM A 


1. The customary representation of a positive angle 9 is 

shown in Fig. 1. 

2. The customary representation of sin 0 and cos 0 is shown 
in Fig. 2. : 

3. The customary representation of a uniformly increasing 
angle is shown in Fig. 3. 

4. The representation of a harmonic electromotive force in 
conformity with Figs. 1, 2 and 3 is shown in Fig. 4. 


NOTE.—This paper is to be presented at the Pittsfield-Schenectady 
mid-year convention of the А. I. E. E., February 14-16, 1911. Notice 
of oral discussion or any written discussion should be mailed to reach 
the Secretary before date of meeting. Written contributions received 
within 30 days thereafter will be treated as if presented at the meeting. 
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5. The representation of a lagging current in conformity 
with Fig. 4 is shown in Fig. 5. 

6. In Fig. 5 the leading vector E is the leading quantity in 
time phase. 

7. The Addition Theorem. The most important thing in 
the vector representation of harmonic electromotive forces (or 
currents) is what may be called the addition theorem. Stated 
in purely geometrical terms this theorem is that the sum of the 
projections of the two sides of a parallelogram is equal to the 
projection of the diagonal. A simple example of the addition 
theorem is shown in Fig. 6. 

NOTE:—All diagrams show positive values according to estab- 
lished conventions. 
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CONCERNING DIAGRAM В 


8. The customary representation of polar coordinates r 
and @ is shown in Fig. 7. 

9. Тһе polar-coórdinate representation of a harmonic elec- 
tromotive force e = E sin ші is shown in Fig. 8. For the sake 
of visualizing the function e, it is represented in Fig. 8 as the 
projection of a fixed Е-хесіог upon the rotating radius vector. 
In this way 16 has come about that the fixed E-vector in Fig. 8 
is thought of as representing the given harmonic electromotive 
force in substantially the same way that the rotating E-vector 
in Fig. 4 represents a given harmonic electromotive force. 

10. The representation of а lagging current іп” conformity 
with Fig. 8 1s shown in Fig. 9. 
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11. In Fig. 9 the leading vector in space is the lagging quantity 
in time phase. 

12. The Addition Theorem. Those who prefer clock-diagram 
В seem to emphasize the polar-coórdinate idea and to minimize 
the projection idea. A certain loss of simplicity is involved in 
this emphasis as may be shown most strikingly by stating the 
all-important addition theorem 1n terms of circular loci: The 
sum of the portions of the radius vector which are cut off by two 


Fic. 6 
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given circles passing through the polar origin is equal to the 
portion of the radius vector which is cut off by a third circle 
whose diameter is the diagonal of the parallelogram constructed 
on the diameters of the given circles as sides. 


IMPORTANCE OF THE IDEA OF PROJECTION 
There is no question as to the fundamental importance and 
simplicity of the idea of projection in the representation of the 
sine and cosine in trigonometry, and the importance and sim- 
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plicity of the idea of projection in the representation of any sine 
or cosine function is equally beyond question. 

If the idea of projection is to be used in the most powerful 
way, the projection axis must be looked upon in a sense as a 
reference axis and it should be stationary; at least this is the 
conventional point of view in nearly every case in which sine or 
cosine functions are used in geometry or physics. 

The 1dea of projection on fixed axis of reference is the basis 
of the conventional geometrical and physical interpretation of 
complex quantity. In simple alternating-current theory this 
may be shown in outline as follows: Consider the differential 
equation 


E evi-Ri-L S (8) 


The important singular solution of this equation upon which 
the whole of the elementary theory of alternating currents is 
based is: 


т=[ ee (3) 


Now according to established conventions this equation repre- 
sents а constant-length vector rotating at angular velocity w in 
a counter-clockwise direction. Resolving equation (8) into 
real and imaginary parts, we have 4 


1= 1 сов о +7 Гат мі (4) 


Either component of this equation is a physical solution of equa- 
tion (2), and these algebraic components of equation (3) corres- 
pond exactly, according to widely accepted conventions, to the 
gcometric components of the rotating J-vector in a clock dia- 
gram like Fig. 4. 


THE DIFFERENCE BETWEEN DIAGRAMS A AND В 

Let us call diagram A with all of its accompanying ideas and 
conventions a group, and likewise diagram B. Now if the dif- 
ference between two such groups depends upon one item, then 
this difference can be expressed in as many ways as corresponding 
items of groups A and В can be combined. Such 1$ the group 
theory explanation of this and of most other long-drawn-out 
and inconsequential discussions among men. Thus may the 
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most recent and the most recondite development of pure mathc- 
matics be applied! 

The fact is that diagram B differs from diagram A in that 
diagram B does violence to the established convention as to the 
positive direction of rotation. This is a fact. Unfortunately 
it can be stated in a great variety of ways, but itisa fact. Some 
may object, for, behold! the direction of rotation in Figs. 4 
_ and 8 15 the same! То such we declare, again, the fact, as above 
stated. It is a question of what moves, or, rather, of what is 
supposed to move. Indeed (and it is with a profound apprecia- 
tion of the convincing power of scientific elegance among men 
that I mention a second modernism in pure science) it is a 
principle of relativity. If London is east of New York, why, then 
New York is west of London. Апа so we все the most recent 
and the most recondite development of physical theory, the 
theory of relativity, applied! 
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THE DIRECTION OF ROTATION IN ALTERNATING- 
CURRENT VECTOR DIAGRAMS 


BY ERNST J. BERG 


The object of this brief is to present the writer's views on 
the proper vector representation of alternating-current phe- 
nomena. Тһе question is attacked from the point of view of 
the teacher of alternating currents to undergraduate students. 

In electrical engineering are treated chiefly the phenomena 
which are caused by alternating currents and e.m.fs. The 
currents as well as the e.m.fs. are periodic functions of time; 
as the time changes, the instantaneous values of these functions 
also change. Thus, it seems rational to consider time as the 
independent variable in illustrating such phenomena. 

In representing them graphically, several methods are con- 
ceivable, but it seems to the writer that the following two are 
simplest and indeed the only two which by their simplicity can 
be considered when dealing, as is always done in practice, with 
phenomena involving multiphase work and more especially 
multiphase work with distorted waves. 

It 1s realized that in the case of single-phase circuits with sine 
waves of current and e.m.fs. other methods may seem as simple, 
and by many, simpler. 

First. Rectangular coórdinate system with time as abscissas 
and instantaneous values of current and e.m.f. as ordinates. 

This is illustrated іп Fig. 1, which gives the changes in current 
in a three-phase system. 

Second. Polar coórdinate system. In this case the independ- 
ent variable—the time in represented by the angle ¢, and the 
instantaneous values of the currents by the гаи vectors. 
The result in case of a sine wave is the polar curve, the circle. 


------ Le MÀ 
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Thus, in a symmetrical three-phase system, the values of the 
cufrents in the three lines is found by reference to the three 
circles in Fig. 2. 

In this particular diagram, zero time is represented by the 
position of vector O A. 

The values of the currents in the three lines at that time are 
expressed by: 


In line /I-4O A. 
In line 77—0O B. 
. In line 771—O В. 


It is at once evident to the student that the current that flows 
out over line Г is returned partly by line JJ, and partly by 
line ІІІ. In this case, one-half of the current returns over 
line ГЛ, the other over line 111. 

The student sees that it is the same current; sees that the 
three instantaneous currents are in phase. 


The currents at time ф are: 


In line Т+ОС. 
In line 77 O. 
In line 111--О D. 


The student sees that at that particular time, line JJ carries 
no current; all current that leaves line J, returns in line JII. 
He sees that in а four-wire three-phase system with balanced 
load, there is no current in the neutral line, all current going 
out in one line returns іп one or both of the other main lines. 

The diagram, if referred to the e.m.fs. instead of currents, 
shows that the common connection is at neutral potential since 
at all instances the positive voltage is as great as the negative. 

In the case of distorted waves, and all waves 1n actual engi- 
neering are distorted, the diagram lends itself with equal facility. 
In Fig. 3 is given the counter e.m.f. of a transformer correspond- 
ing to a sine wave of exciting current, a wave approximately 
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obtained between one of the lines and the neutral of Y-connected 
transformers in the three-phase system. 

This wave contains a large triple frequency component and 
some components of higher frequency. 

The instantaneous values of the three currents at any one 
time is obtained as readily as in the first case. It is seen 
here that the common connection has not neutral voltage. 
Thus, thereis an active e.m.f. generated between the “ neutral ” 
and the three lines as returns. 

With such distorted wave, a considerable current would 
flow to the common connection, if such were established, even 
if the three-phase load was balanced. 

It is readily shown that any other odd harmonics except the 
third and its multiples do not cause a pulsating voltage between 


if ПІ 


Fic. 3 


the neutral and the outside lines, the algebraic sum of the three 
e.m.fs. are at all lines zero. This is illustrated in Fig. 4 which 
shows the distorted wave of the fundamental and a fifth harmonic 
of one-half the intensity of that of the fundamental. 

The polar coordinate system has also another great advantage 
in determination of the effective values of a distorted wave. 
It is well known that the square of the effective value is obtained 


by dividing the area as obtained by planimeter by F 


Іп teaching alternating current phenomena, it is in the 
writer’s opinion absolutely necessary to dwell a long time on the 
instantaneous variations. His experience is that by this method 
and this method only can the student get a clear insight of the 
theory. It seems nearly useless to teach electrical engineering 
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by referring at once to vectors of effective currents and e.m.fs. 
only. These should be introduced first after the students have 
obtained thorough knowledge of the instantaneous changes. 

The writer is frank to confess that he has failed to see a simple 
application of the so-called crank diagram in these cases. 

The crank diagram, to be sure, lends itself readily to simple 
single-phase diagrams with sine wave of currents and e.m.fs.; 
that is, to circuits and conditions which are not found in prac- 
tice, it lends itself only to very expert mathematicians in case of 
multiple phase circuits with distorted wave shapes. 
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It seems unlikely that sufficient time can be found in under- 
graduate work to explain the necessary mathematics. It seems 
also that the diagrams become so complex as to be almost be- 
yond interpretation. 

If it is agreed that the polar-coórdinate system with time as 
independent variable, is preferable, then the whole controversy 
seems to me settled. It is not a question of direction of rota- 
tion; the rotation is counter clockwise іп any case. Іп the polar 
coórdinate system, time rotates counter clockwise. In the 
crank diagram the e.m.fs. or currents are made to rotate counter 
clockwise. 
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The adoption of the polar diagram settles the complex ex- 
pression of current, impedance, etc. 


I = 44+ј 1, represents a lagging current 
7 — jx represents an impedance. 


To sum up, it is the writer’s opinion that the indirect repre- 
sentation, the polar circle diagram, Steinmetz’ method, or what- 
ever the representation is called by various writers, is preferable 
to the so-called direct representation, or the crank diagram, for 
the following reasons: 

It is a simple application of polar coórdinates, whereas the 
" direct. representation " 15 a mixture of the polar and the 
rectangular coordinate systems, a system which hardly appeals 
to the mathematician. 

The indirect representation has the great advantage that the 
dependent variable is read directly as the intercept on the 
rotating vector, whereas, with the other method, it requires 
a projection and, therefore, an added mental and mechanical 
operation. This advantage is, of course, much more noticeable 
when two or more variables are used, since it 15 far easier to read 
two or more intercepts on a single line than to construct the 
projections. 

All engineering students are familiar with this representation 
of interception of a rotating line from their work with the 
Zeuner diagrams so that it is at once understood by them. 
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HIGH-TENSION TESTING OF INSULATING 
MATERIALS 


BY A. B. HENDRICKS, JR. 
INTRODUCTION 

Great accuracy in the high tension testing of insulating ma- 
terials is not yet attainable, due to the variability of the ma- 
terials, the difficulty of exactly controlling all the conditions 
of test, and in many cases, to the unreliability of the apparatus 
and methods employed. 

The methods, results and conclusions of different investigators 
thus varv between wide limits and a close agreement between 
them is not to be anticipated. 

There are exceptions to every statement that can be made 
regarding insulating materials. Those given herein represent 
the personal experience and opinions of the writer and are in- 
tended to apply to laboratory tests on small samples of com- 
mercial insulating materials only. 

No attempt will be made to cover more than a few of the 
salient points, nor those which have already been thoroughly 
discussed, the latter including the testing of wires and cables, 
line insulators, and finished apparatus. 

Tests. The tests under consideration are those for the de- 
termination of 

1. Ultimate dielectric strength and arcing voltage. 

2. Energy loss or dielectric hysteresis. 

3. Specific capacity. 

My own experience in the different departments of this field 
is very unequal, being confined chicfly to tests for dielectric 
strength and arcing voltage, but it will be of interest to consider 
also dielectric hysteresis and capacity. 


Note.—This paper is to be presented at the Pittsfield-Schenectady 
mid-year convention of the A. I. E. E., February 14-16, 1911. Notice 
of oral discussion or any written discussion should be mailed to reach the 
Secretary before date of meeting. Written contributions received within 
30 days thereafter will be treated as if presented at the meeting. 
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TESTING APPARATUS 


There are four main elements to be considered. 

1. Alternating-current generator. 

2. High-tension transformer. 

3. Controlling apparatus. 

4. Measuring apparatus. 

Power Required. The results of tests for dielectric strength 
and arcing voltage will depend to some extent on the power and 
regulation of generator and transformer, and it may be con- 
sidered necessary to reproduce exactly the conditions of a large 
power system in order that laboratory tests may give reliable 
data on the performance of the material when in actual use. 
This is hardly possible or desirable and it therefore becomes 
necessary to determine the requirements which must be ful- 
filled in order to obtain reliable results with apparatus of limited 
power. 

It is necessary and sufficient that normal wave form and 
voltage be maintained, up to complete failure of test piece and 
the formation of a dynamic arc. 

The critical, final moments of test are liable to be attended by 
high-frequency oscillations which somctimes form a complete 
flash over without leading to a dynamic arc. These oscillations 
have negligible influence on the voltage of normal frequency. 
till a flash over or momentary arc occurs, which may be at- 
tended by a sudden drop in voltage sufficient to prevent the 
formation of a continuous arc. It is at this point that the in- 
fluence of the energy available becomes important, while previ- 
ously it 1s of small consequence, the load being extremely small. 
The best that can be done is to provide apparatus of capacity 
sufficient to supply the small charging and leakage current and 
the energy absorbed by dielectric hysteresis, with the closest 
possible regulation and minimum distortion of wave form. 
By regulation is meant not only the voltage drop under con- 
tinuous normal load but particularly the drop at the first instant 
of short circuit, or the capacity for instantancous short-circuit 
current. 

It is believed that the influence on results of the power of the 
testing apparatus has been somewhat exaggerated. For punc- 
ture tests (as distinguished from arcing tests) on small test 
pieces and particularly on oil, and for measurements of dielectric 
hysteresis and specific capacity, reliable results, comparable to 
those obtained in actual practice, may be obtained with very 
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small generators and transformers. These must be well designed 
and of characteristics especially adapting them to this use. 

For all of the tests under consideration the power and current 
required are usually very small though the power factor may be 
low. It is, therefore, entirely feasible to provide apparatus of 
much greater volt ampere capacity than will normally be re- 
quired, thus insuring close regulation and minimum distortion 
of wave form. 

GENERATOR 


Generators of the distributed field type have the essential 
characteristics and are now available in sizes suitable for 
laboratory work. These machines of high speed and distributed 
field and armature windings not only give an almost perfect 
sine wave at all loads and power factors but deliver very high 
спетру at instant of rupture of the dielectric; that is, they have 
great capacity for instantaneous short circuit current, due to 
low armature impedance. 

Ordinary revolving-ficld machines of distributed armature 
winding but non-distributed field winding, may give a sine wave 
at no-load but are liable to produce distorted waves with higher 
harmonics of considerable magnitude under small loads of low 
power factor, such as is represented by the core loss of trans- 
former and capacity current of test piece, and are thus less 
suitable for this work. The armature impedance is high, hence 
the capacity to deliver great energy at instant of short circuit 
is also limited. 

Small Generator. It is evident that a small generator with 
capacity for maintaining the voltage wave normal for a few cycles 
at the critical moment of rupture will give results approximating 
those on a large power system, where considerable impedance 
intervenes between generator and point of breakdown. 

Excellent results may be obtained with smooth-core alter- 
nators of the old Thomson-Houston pattern. These are now 
obsolete but may be obtained at very small cost of the dealers in 
second hand apparatus. 

The wave form of these machines 1s an almost perfect sine, 
their chief limitation being poor regulation. Nevertheless they 
are on the whole very satisfactory and most of the results given 
herewith were obtained with them. 

Examples. А steam turbine gencrator of the distributed- 
field type is shown in Fig. 1, and the wave form in Fig. 2. The 
illustrations and waves represent a 25-cycle, two-pole machine, 
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but it is believed that at 60 cycles, 4-pole, the wave form would 
be equally as good. The field winding would then occupy 34 
slots, resembling a direct-current armature. 

A Thomson-Houston generator is shown in Fig. 3, and the 
wave form under load, while testing a high-tension transformer 
terminal at 69,300 volts, is shown in Fig.4. The transformer 
used is similar to that shown in Fig. 5, the terminal under test 
being connected between one terminal of transformer and the 
grounded neutral point. The oscillograph was connected 
directly across the 69,300-volt terminals-in series with a non- 
inductive resistance consisting of glass tubes filled with distilled 
water. 

The potential wave shown is in almost perfect agreement with 
a mathematical sine wave. 


Fic. 1.—Sine-wave  generator—distributed field type. 37.5 kw.— 
three-phase—25 cycles 


TRANSFORMER 


Capacity.. There has been a good deal of misapprehension in 
connection with the question of transformer capacity. It has 
been usual to specify a certain minimum kilowatt capacity 
for a given voltage, regardless of the other characteristics of the 
transformer, not realizing that such a specification is indefinite. 
The rating of these transformers is more or less arbitrary and 
elastic, as with a given design but slight changes are necessary 
in order to halve or double the nominal capacity as stamped on 
the name plate. 

The space occupied by the copper as well as the loss therein, 
is very small, hence the current rating could easily be changed 
to this extent, with negligible influence on the rest of the design. 
It is not the rating stamped on the name plate that determines 
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the energy in the discharge circuit but the regulation, par- 
ticularly as expressed by the impedance voltage, which has thus 
to be taken into account. 

In the tests under consideration the conditions are alwavs at 
one of the extremes of small load or dead short circuit, except for 
an instant immediately preceding breakdown. Thus the 
reactance is of chief importance. 

In specifying transformer capacity there should then be ex- 
pressed the kilowatt rating, and thc resistance and reactance 


Fic. 2.— Potentia! waves of 


generator (Fig. 1). 1. No Fic. 3.—Thomson-Houston smooth core 
load. 2. Mathematical alteriator—35 kw.—single- phase—125 
sine. 3. Full reactive load cvcles 

on one phase—wave form 

of loaded phase 


voltages at full load, the kilowatt capacity being of interest 
only as a basis for determining regulation. 

Fortunately there is no difficulty in obtaining very high kilo- 
watt capacity with close regulation. The secret of the best 
designs of high-tension testing transformers lies in the use of 
extremely massive cores, few turns in the winding, and rein- 
forced insulation of the end turns. By these means the poor 
regulation of the transformer and the great liability of the end 
turns to short circuit have been overcome. 

Many transformers for this work have been designed simply as 


300 HENDRICKS: HIGH-TENSION TESTING [Feb. 14 


large induction coils with closed magnetic circuits. The small 
cores employed necessitate a very large number of turns in the 
high-tension winding, which is objectionable for two reasons; 
the winding becomes delicate and bulky, and the reactance, being 
proportional to the square of the number of turns, is very high. 
It is much better to increase the cross-section of core and the 
volts per turn, as the core is not lable to break down and the 
reduced size of winding may be better insulated and in every way 
made more substantial and reliable. Modern designs therefore 
operate at 5 to 20 volts per turn instead of 1 to 3 as formerly. 

The small number of turns renders the use of large conductors 
permissible, which is also of advantage from increased mechanical 
strength and less danger of open circuits. 

Thus the transformer should be designed throughout asa 
power transformer and preferably for continuous full-load opera- 
tion, as contrasted with the usual 
bulky and delicate constructions of 
large impedance. 

Failures. The principal cause of 
failure of such transformers is from 
short circuit of the end turns caused 
by high-frequency oscillations. 
These may be generated either 
outside or inside of the transformer, 
Fic. 4.— Thomson-Houston gen- the resultant stress being concen- 

erator—-current and potential trated on the end turns in either 

Waves case. 

In order to protect the end coils a few turns should be insu- 
lated with a very high factor of safety. In a transformer with 
20,000 turns in the high-tension winding, it has been found suffi- 
cient to insulate 100 turns at each end to withstand 1000 to 2000 
times normal voltage between turns, and to provide extra insu- 
lation between the end coils and the rest of the series. 

In addition, a choke coil without iron core should be con- 
nected to cach terminal, external to the transformer. 

Double Voltage Test. By the standardization rules of the 
A.I.E.E. testing transformers are required to stand double 
normal high-tension voltage between high-tension winding and 
low-tension winding and iron, for one minute. 

For all ordinary purposes this is an excessive and unnecessary 
requirement as it subjects the insulation throughout to four 
times the maximum strain normally applied to the terminals 
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only, thus demanding maximum insulation for middle point of 
winding the same as for the ends, though in practice this point 
can never be subjected to more than half voltage. 

The transformer may be built to stand such strains, but at a 
great sacrifice in size, cost and operating constants, and nothing 
of real value is to be gained by such designs. 

There is little danger of breakdown to low-tension winding or 
iron, failure usually being due to short circuit of the end turns 
by high-frequency oscillations. 

A better and more rational method of test is to apply an in- 
duced voltage of 50 per cent above normal, the middle or end of 
high-tension winding being grounded. This in effect applies 
21 times normal strain throughout, and is ample. 

It is here assumed that the strain is proportional to the square 
of the stress or voltage. 

Time Rating; Cooling. In addition there should be a time 
rating. Such transformers seldom operate for more than a few 
hours at a time. For the lower voltages, where the losses are 
small and radiating surface of tank ample, there may be no 
necessity for limiting the time of continuous operation, especially 
as the usual designs are extremely large for the capacity, com- 
pared with ordinary power transformers. 

The case is different when voltage is high and the design more 
compact. There is then insufficient radiating surface for con- 
tinuous operation (more than ten hours) and artificial cooling 
must be resorted to. It has also been found that the heating 
effect of the loss in the insulation must be taken into account. 
Negligible at low temperatui^s, as for one hour operation, this 
loss may сама! the core loss after ten hours run, increasing усгу 
rapidly with the temperature, accompanied by a great decrease 
in the dielectric strength of the insulation, and consequent 
danger of breakdown. 

Thus it, becomes of the highest importance to keep the tem- 
perature as low as possible, much lower than for ordinary designs, 
as thereby the problem of insulation is much simplified. 

By using a more bulky design, providing great radiating 
surface, and a higher factor of safety in the insulation, the neces- 
sity for limiting the time of operation, and for artificial cooling, 
may be eliminated. Ав result therefrom, the size, wcight, cost, 
core loss, and impedance will be greatly increased. 

Grounded Neutral. А grcat gain may be effected by normal 
operation with middle point of high-tension winding permanently 
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grounded. For the majority of laboratory tests there is no good 
reason why this connection should not be used. Thereby the 
stress is reduced one-half and the major insulation about three- 
fourths at one stroke, resulting in greatly reduced size of trans- 
former and much better electrical constants throughout. Ground- 
ing is also necessary in order to make use of voltmeter, am- 
meter and wattmeter at center of high tension winding as de- 
scribed under “ Measurements.” 

The ground connection may be made so as to be readily broken 
without dismantling the trans- 
former, so that tests may be made 
with either terminal grounded or 
free if necessary. 

The advantages of the grounded 
neutral are very great as it results - 
in a radical reduction of size, and 
improvement іп efficiency and 
regulation. 

One of the transformers used in 
the present investigations is shown 
in Figs. 5 to 7 and has the fol- 
lowing characteristics. 


100 kw., 60 cycles, 2000 to 200,000 volts 
Volts per їигп................. 10 


Impedance voltage............. 7 per cent 
Resistance voltage..... l per cent 
Regulation—-unity power factor. 1.25 per cent 
Tank—height..................52 in 
Tank—diameter................ 44 in. 


Neutral point of high tension winding is grounded. 
Figs. 8 to 10 represent a standard 
type of high-tension transformer of 
Fic. 5.—100-kw., 200,000-volt 13766 capacity designed for factory 
testing transformer — wit h tests of line insulators. In this 
grounded neutral also the neutral point of high-ten- 
> sion winding is grounded. 
CONTROLLING APPARATUS 


The voltage must be varied through a wide range іп а рег- 
fectly regular manner without breaks or steps. To effect this 
many different methods are in use, but generator field control 
is by far the best for laboratory work. 

Field Rheostat. This should be designed to vary the gen- 
erator voltage in a perfectly continuous manner or in very small 
steps, and the generator should always be operated at excita- 
tion as near normal as possible, for the sake of close regulation 
and good wave form. 
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Multiple Windings. Either the generator or the low-tension 
winding of the transformer should be wound with four parallel 
circuits. These may be connected in all necessary combinations 
by means of series parallel switches, cylinder controllers, or 
terminal boards with movable links. 

The last named method is inconvenient in use; series parallel 
switches are simple and satisfactory, but the cylinder controller 
is least liable to lead to mistakes, and is quickest in action and 
therefore best. 

Four parallel circuits on the low-tension side of the trans- 


Fic. 6.—100-kw., 200,000-volt 
testing transformer — interior 


side view—showing. voltmeter Fic. 7.—100-kw., 200,000-volt 
coil at center of high tension testing transformer — interior 
winding end view. 


former have been found ample, and are more readily provided 
than on the generator. This gives 25, 50 and 100 per cent 
transformer voltage at normal generator voltage. The latter 
may be varied from 50 per cent to normal voltage, thus giving a 
range of 123 to 100 per cent transformer voltage. If a greater 
range is required it should be provided by a suitable trans- 
former. 

Taps on High or Low-tension Winding. These should not be 


used and are unnecessary when four low tension coils are pro- 
vided. · 
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Taps are always hard to insulate, and if on the high-tension 
- side also necessitate a separate terminal insulator for each tap. 
Extra insulation of coils adjacent to taps is required, the same 
as on end coils unless the winding is in two parts with taps near 
the center not used for terminals. These inside connections are 
difficult to bring out and properly insulate and their use requires 
handling of the high-tension circuit. Multiple high-tension 
windings are objectionable for the same reasons. | 
Multiple Transformer Units. A number of transformers of 


Шы ж 
ШІ -- 


ibi HH Fe PLE en 
|| 
ШІ 


* 
c 
ЕЗ 
- 
c 
m 
- 
- 
- 
ЕЗ 
- 
LE 
- 
- 
= = 


MAH 


|| 


4 + а, М 
һе -Á 
Е 
-—— 
m... 
— — 
—— 
— À— n 
O 
O u 
LL 
: = 
o |0 
——= 
Еа 
= 
=== 
= —— — 
me 
———. 
—— -- 
===: 
—— 
м 
= 


wll 
| 


^ 
uw 


Fic. 8. — 250-kw., 400,000-volt Fic. 9.—250-kw., 400,000-volt 
testing transformer — with testing transformer — interior 
grounded neutral view 


comparatively low voltage may be connected in series to obtain 
any desired total voltage. Ав each unit must be insulated to 
stand the voltage due to its position in the series, nothing is to be 
gained by this arrangement. 

Intermediate insulating transformers may be inserted, but add 
to the complication and are otherwise disadvantageous. 

Since transformers are now available of capacities up to 
500,000 volts or more in a single unit, there remains little reason 
for the use of multiple units, or for more than two at most. 
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MEASURING APPARATUS 


VOLTAGE MEASUREMENTS 

Opinions differ widely as to the best method of determining 
the voltage of the discharge circuit. As this is by far the most 
important, and in most cases the only measurement made it 
should receive the most careful consideration. 

Spark Gaps. For certain special measurements this is the 
only method that can be used. It is however liable to be the 
source of errors and trouble. 

Its use 1s authorized by the A.I.E.E. standardization rules and 
therefore, quite commonly insisted on, although in the opinion 
of many experimenters the device is not as reliable as desirable. 
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Fic. 10.—250-kw., 400,000-volt testing transformer cover and high- 
tension terminals 


It is my desire to have the A.I.E.E. reopen thc question of the 
proper method of measuring testing voltages, to further investi- 
gate the limitations of the spark gap and consider the use of the 
method I have found most satisfactory, namely the voltmeter 
Coil on transformer core. 

It has been stated by Fisher (International Electric Congress, 
St. Louis, 1904) that the use of large disks back of needle points 
gives more regular results. Му own experience with this ar- 
rangement has not been thorough enough to warrant definite 
conclusions, but it would seem to be, in general, subject to the 
same criticisms as the plain needle point gap. 

It has also been claimed that spherical electrodes are superior 


306 HENDRICKS: HIGH-TENSION TESTING [Feb. 14 


to needles, but there is the added labor of frequent refinishing 
or replacement of the balls. 

Fig. 11 represents the results obtained with needles and 1-іп. 
(12.7 mm.) balls under identical conditions using a sine-wave 
generator Fig. 3 and a 50,000-volt transformer quite similar 
to Fig. 5, the spark gap being connected direct to transformer 
terminals, and the voltage controlled by series parallel switches 
and field rheostat. The results with needles and with balls 
seem fairly definite, but it 15 extremely doubtful whether they 
would remain constant if any of the conditions were changed. 

The spark gap is only an indirect means of determining voltage. 
It is generally used to find the voltmeter setting for a definite 
gap when a specified voltage is to be applied to test piece or to 
measure an unknown voltage by successive trials with different 
settings. 


KILOVOLTS 


INCHES 


Fic. 11.-—Curve of needles and balls 


In either case great accuracy is not possible and the method 
is tedious in application. Errors may be introduced by the 
fact that conditions may not be the same during the spark gap 
trials and the actual test, since the test piece and gap may 
not be connected in parallel. 

To limit the current and oscillations, resistances of about 
one ohm per volt are specified to be used in series with the spark 
gap, and may introduce a disturbing element. 

As principal causes of variation in sparking tests may be 
considered: 

Variation in wave form. 

Transient voltages. 

Growth of charge in the circuit. 

Ionization of air. 
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Variation їп Fundamental Wave Form. Spark gap voltages 
are proportional to maximum values of potential wave and the 
stress in the dielectric is also proportional thereto. We are, 
therefore, interested in the effective voltage only as a measure 
of the maximum voltage, and it is this fact that is largely re- 
sponsible for the use of the spark gap. If, however, the testing 
apparatus including generator, transformer, and controlling 
devices, is properly designed and operated, a sine wave of po- 
tential in the discharge circuit may be assured, and measure- 
ment of effective values will then be sufficient. 

Transient Voltages. It is not, however, variation in wave of 
fundamental frequency that 15 the chief disturbing factor, but 
transient voltages generated by the unstable condition of the 
test circuit. In most cases, these are of limited power and 
duration and have negligible effect on the diclectric unless high- 
frequency oscillations across a spark gap are set up. Transient 
voltages may jump the spark gap without starting dynamic arcs 
but setting up high-frequency oscillations of considerable power 
and destructive effect, or may establish an arc and would then 
be taken as a measure of the actual voltage of fundamental 
frequency. Thus it is seen that transient voltages are of 
negligible effect in the absence of a spark gap, but with spark 
gap connected, with or without test piece in parallel, may give 
misleading indications of the actual maximum of normal frc- 
quency voltage, and consequent stress in the test piece, or cause 
abnormal stresses by high-frequency oscillations. 

Growth of Charge. The capacity of a condenser varies with the 
frequency, depending on character of dielectric and becoming less 
as frequency increases, due to absorption. 

It has been observed during high tension tests that the charge 
seems to increase with time at constant voltage and frequency, 
and that at irregular intervals a critical point is reached, causing 
flash over and high frequency discharges at spark gap in parallel, 
or at some weak point in the test picce. 

This can occur without causing a dynamic current to follow, 
and the length of spark gap is then not a measure of the normal 
frequency high-tension voltage. If the voltage is raised very 
rapidly it may be carried past the point of high-frequency dis- 
charge, and a genuine arc produced at the spark gap at a normal 
frequency voltage corresponding to its length, and considerably 
in excess of that first observed. This second higher voltage 
is then taken as the correct one. 
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Example. A high non-inductive resistance in parallel with 
spark gap and test piece tends to prevent abnormal rise in 
voltage. The following results were noted in testing three high 
tension transformer terminals in parallel each covered with 
tinfoil and thus having considerable capacity. The generator 
shown in Fig. 3 and a transformer similar to Fig. 5 were used. 
Resistance consisted of glass tubes filled with distilled water. 
Effective voltage by conversion ratio = 69300, corresponding to 
5.6 in. (142 mm.) by A.I.E.E. spark gap curve. 


Conditions Voltage by spark gap 
Spark dap alone. oec ууш ы Cees oa d x Жа Бан oes $0000 
Spark gap and resistance in ратаПсеі..................... 74800 
Spark gap and terminals in рагаПеі..................... 84000 
Spark gap, terminals, and resistance in parallel........... 79000 


Each voltage is the average of five to seven trials, the arcing 
distance being determined by first setting voltage by voltmeter 
and then closing gap till breakdown occurs. 

As seen, the longest gap is broken with spark gap alone con- 
nected, and the shortest with resistance alone. Current in 
resistance is 0.05 ampcre or one-tenth full load on transformer. 
Core loss is about 1200 watts; current taken by terminals is 
0.03 атрсге. 

This example shows the variation that may occur between 
different trials under identical conditions, and also those due to 
slight changes in conditions. 

Wave forms of voltage and current of test circuit are shown 
іп Гір. 4. For taking voltage wave, the oscillograph was con- 
nected in scries with the water resistance. 

The average variation of spark gap voltage from conversion 
voltage is plus 4500 to 16700 volts, or a maximum of 23.3 per 
cent. 

The maximum individual variations are from minus 4800 to 
plus 18200 volts, or a maximum of plus 26.2 per cent. 

The spark gap undoubtedly gives fairly accurate measurc- 
ments of the maximum instantancous voltage except possibly 
for very high-frequency oscillations of small energy. Ав 
ordinarily used, however, its indications are interpreted as repre- 
senting the effective value of a sine wave having a maximum 
value corresponding to the spark length. Аз the spark length 
depends on the maximum instantancous voltage only, this may 
lead to large errors. 

In the example given the effective values of the voltage must 
have been nearly the same throughout, the oscillations which 
broke the spark gap being of too high a frequency to have much 
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influence on effective values. As given, however, the figures 
represent effective values and thus give a very misleading idea 
of the actual conditions. 

Ionization of Air. Ionization of the air will also affect the 
indications of the spark gaps. This will depend on circumstances 
as time of application of stress, form and arrangement of high- 
tension circuit, amount of air circulation, etc. 

Conclusions. The chief arguments for the spark gap which, as 
I believe, have lead to its adoption by the A.I.E.E. are, that 
it measures the maximum potential and that in many cases no 
better method is available. 

For laboratory purposes in connection with ordinary tests on 
small test pieces, which are alone under consideration, it should 
be easily possible to provide a sine wave generator and a trans- 


Fic. 12.—5-inch, 50,000-volt needle point spark gap with carborundum 
resistances in pillars 


former of close regulation, thus eliminating the need for the 
Spark gap. 

Voltmeter Coil in High-Tension Transformer. This I consider | 
the most nearly perfect method for determining the high tension 
voltage with convenience and accuracy. All that is required is a 
coil of few turns inserted symmetrically at middle of high-tension 
Winding and connected thereto at the neutral point. A few 
turns of the regular winding could be used, but for mechanical 
reasons it is better to use a separate coil. 

Connection of the windings is imperative, as it is not practi- 
cable to insulate the voltmeter coil against half the high-tension 
voltage, as is necessary if not connected. 

Taps should be brought out at 25 per cent and 50 per cent of 
voltmeter coil winding to give convenient voltmeter readings at 
one fourth, one half and full potential. 
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Ratio of High Tension Voltage to Instrument Reading. It 
would seem superfluous to specify that this ratio should for the 
sake of convenience and accuracy be a simple number except 
for the fact that a most awkward multiplier is generally used as 
50,000 to 110--454; 20,000 to 550 = 36.36; 10,000 to 108 = 92.6, 
etc. 

The ratio in these cases should be 

50,000 to 100=500 or 0.5 kilovolts per volt. 

20,000 to 100=200 or 0.2 kilovolts per volt. 

10,000 to 100=100 or 0.1 kilovolts per volt. 

This arrangement eliminates mistakes and is more convenient 
than a chart or the slide rule. 

The voltmeter should be dead beat. Magnetic damping of 
dynamometer types is satisfactory, but hot wire instruments 
have been found by me very convenient and reliable. 

It is important that scale divisions be of nearly equal length 
throughout. А three-point switch for connecting the taps in 
voltmeter coil should be so placed as to be visible when taking 
readings, so that the ratio may always be accurately known. 
It 15 an advantage that voltage readings are independent of 
the position of series parallel switches on low-tension side of the 
transformer, depending only on position of voltmeter switch. 

Accuracy. The accuracy of this method is very great. Al- 
though the voltmeter coil 15 concentrated at the middle of the 
high-tension winding, 1t embraces very nearly the same flux 
as the main winding. Therefore, the voltmeter readings are 
almost independent of the transformer reactance or ordinary 
variations in load and power factor. 

The low-tension winding of the transformer Fig. 5, 6, and 7 
consists of a cylinder closely surrounding the core. The high- 
tension winding is composed of a series of thin multi-layer coils 
with few turns per laver and arranged concentric with the low- 
tension coil. Тһе voltmeter coil is similar to the high-tension 
coils and is inserted at the middle of the series and connected 
thereto. 


MEASUREMENT OF ENERGY Loss OR DIELECTRIC HYSTERESIS 

With increasing potentials, the energy loss in the insulation, 
or ‘‘ dielectric hysteresis ” is becoming more and more a factor 
that must be taken into account in the design of high-tension 
apparatus. Its accurate determination is always difficult and 
frequently impossible, because of its small magnitude and the 
high voltage and low power factor involved. 
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Watimeter іп Low Tension Circutt. This requires accurate de- 
termination of losses in the high-tension transformer itself, which 
must be subtracted from all readings. With generator and 
transformer of proper design, with low exciting current and core 
loss in transformer, fairly good results are possible if the loss to 
be measured is large. All determinations of voltage and fre- 
quency must be extremely exact or large errors are introduced, 
as the losses to be determined are usually much smaller than the 
transformer losses. An additional difficulty is found in the 
change of wave form and core loss, due to load in the high-tension 
circuit, so that the transformer losses are not the same when 
loaded as when unloaded and the exact amount to subtract is 
uncertain. 

Wattmeter in High Tension Grounded Circuit. This method, 
suggested by Dr. Steinmetz has been used with very satisfactory 
results. The serics coil of a wattmeter is inserted directly into 
the high-tension circuit, preferably at the grounded neutral 
point, the winding being cut and the terminals brought out for 
this purpose. The potential coil of the wattmeter may be 
connected across a few turns of winding at the neutral point, or 
preferably to the voltmeter coil. Low reading commercial in- 
struments are suitable for fairly large losses and the reflecting 
dynamometer for small losses. 

To avoid danger from accidental open-circuiting of the high- 
tension winding at the neutral point, a short-circuiting device 
should be placed across the series coil of the wattmeter, con- 
nected as close to the transformer as possible. Two flat springs, 
may be used, pressed together and separated by thin paper, 
which punctures at about 500 volts. 

Cathode-ray Power Indicator. This most clegant method, 
recently devised by Professor Н. J. Ryan, appears to be superior 
to all others, especially for small measurements at high voltages. 
I have not yet had the pleasure of using it but purpose to make a 
practical trial immediatelv, as it is undoubtedly of great value 
in all high tension investigations. 


SPECIFIC CAPACITY 
The methods commonly used require standard condensers for 
comparison, the Wheatstone bridge, ballistic galvanomceters, 


large test pieces, etc., and do not duplicate actual working con- 
ditions. 


Great accuracy is not required, since the constants of ma- 
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terials vary over a wide range and the approximate average values 
on commercial materials are sufficient for the present purposes. 

These determinations are easily made by a reflecting dyna- 
mometer ammeter inserted directly in the high-tension winding 
at grounded neutral point, and measuring sine wave current at 
normal frequency, the advantage of the method being that it 
determines the capacity of small test pieces under normal con- 
ditions, and is simple and direct. 

Published results are of little more than academic interest 
since they do not represent commercial materials nor condi- 
tions, and apparently the constants of greatest value to the de- 
signer have never heretofore been measured. 
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Fic. 13.— Arrangement and connections of apparatus for all high-tension 
tests 


The complete arrangement for measurements of dielectric 
strength, arcing voltage, energy loss, and specific capacity, which 
I have found satisfactory 15 shown іп diagram Fig. 13. 

Cylinder controllers or switches for series parallel connection 
of four circuits are no doubt generally well known, but are also 
shown diagrammatically in Fig. 14 for the reason that I have 
never seen them published. 

The following elements are shown in Гір. 13. 

1. Exciter. 

2. Field switch; normally held open by means of a spring, 
for the sake of safcty. | 

3. Generator field rheostat; this should preferably be motor 
driven, so as to vary the high-tension voltage at a uniform rate. 
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4. Main switch, with auxiliary contact for lighting a red 
lamp as a danger signal; this may be arranged to illuminate 
voltmeter, for tests in the dark. 

5. Automatic circuit breaker. 

6. Series parallel switches on low tension side of transformers. 

L— . -_ PARALLEL 7. Four low-tension coils of 
ие transformer grounded. 

: | 8. High-tension winding of 
transformer, with loop brought 
out at grounded center for 
wattmeter and ammeter; short 

| circuiting device for loop. 
ad 9. Voltmeter coil connected 
Fic. 14.—Series-parallel controller to high-tension winding at 
for four low-tension coils in orounded center, and provided 
ишаны with taps and voltmeter switch. 

10. Choke coils and testing terminals or electrodes. 

11. Voltmeter, ammeter, and wattmeter connected for all 
measurements. 


! 


METHODS OF TEST—-MATERIALS—TESTING DEVICES 
GENERAL METHOD 


Conditions of Test. To obtain exact and definite results all 
the conditions of test must be accurately known to the smallest 
detail. As, in general, the results of test are desired simply to 
show the value of the material under actual working conditions 
which naturally are variable and indefinite, it becomes necessary 
to adopt a standard, and as nearly as possible, a simple ideal 
method, which may be relied upon to give comparative results, 
and will permit easy and clear mathematical treatment. 

The previous history of test piece, its precise condition, its 
form, size, and thickness, form and intensity of electrostatic 
field, temperature, time, frequency, and whether tested in air 
or under oil, may all have great influence on the results and must 
be taken into account. 

Preparation of Test Piece. Since the presence of water is the 
greatest source of variation in the electrical qualities of insulating 
materials, it is necessary that all that are liable to absorb water 
should be thoroughly dried and waterproofed before testing. 
Liquids are best dried by filtering through dry blotting paper 1n 
a filter press. ` 

Special tests require special treatment and testing devices, 
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which may be different for each case, hence will not be further 
considered here, though the above general principles apply 
to these also. 

Standard tests, however, should be standardized in every 
particular, including the testing devices, and I here purpose to 
describe some of the methods, test pieces, and testing devices 
which I have found satisfactory. 

Range of Conditions. It is desirable that tests be made under 
normal conditions, representing the general average of practical 
use, and also under the two extremes or limiting conditions, 
particularly of temperature, as in the majority of cases the tem- 
perature of operation of insulated apparatus, covers a wider 
range and with greater resultant effect on the properties of the 
insulating material, than any other single variable. 

Temperature. High tension apparatus may operate over a 
temperature range of 150 deg. cent., or from —25 to +125 deg. 
cent., the lower limit being found in oil switches and similar 
apparatus generating little heat and located out of doors, апа 
the upper limit in steam turbine generators and transformers 
operating at overload in heated power stations. These are the 
extreme conditions, and to represent standard practice, tests 
might be made at three temperatures as follows: 

25 deg. cent. representing normal room temperature. 

65 deg. cent. representing normal temperature rise of 40 deg. 
cent. 

100 deg. cent. representing upper limit for transformers and 
turbine generators. 

Herctofore the initial temperature of the test piece only has 
been considered. Тһе heating effect of the stress, depending 
on the duration of test, and its results, varying with the facilities 
for heat dissipation, have a vital influence on the results of test 
and are extremely difficult to control and allow for. The above 
considerations apply equally to tests for dielectric strength, 
arcing voltage, hysteresis and specific capacity. 


TIME 


Test for Dielectric Strength апа Arcing Voltage. The results 
will largely depend on the time of application of stress in all 
materials which exhibit an energy toss and consequent heating. 
The loss may be due to diclectric hysteresis as in solid organic 
compounds, to conduction as in all materials containing traces 
of water, and in the most general case to both. 
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If free from water, diclectric hysteresis alone need be con- 
sidered. This is greatest in solids and least in liquids, viscous 
materials occupying a position midway between the two. 

In general the puncture voltage will decrease with increase of 
time of application of stress, and it then becomes necessary to 
determine the complete time-versus-puncture-voltage curve. 

Such curves show wide variations for different materials and 
often for the same material, or for any slight change in the 
conditions of test, and must be interpreted with the greatest 
care. 

It is necessary, however, to have some basis for comparison 
and the following methods have been used and are recommended. 

Instantaneous Tests. Voltage is applied beginning with a low 
value, not over one half of puncture voltage, and raised slowly 
and steadily till puncture occurs. 

The total time occupied obviously varies somewhat but should 
be at a rate permitting voltage to be read to an accuracy of 
about 1 per cent of final voltage. 

This method is suitable only for comparative results where 
great accuracy is not required, and is more particularly adapted 
to transformer oil and thin sheet insulation. Heating effects 
are negligible. 

One Minute Tests. This method should be used for the ma- 
jority of all tests. It is a step by step method, the voltage as 
before being applied at a low value, held constant for one minute, 
then increased slowly by a small percentage, again held constant 
for one minute and so on till puncture occurs. Heating effect 
may be considerable. 

The initial voltage should be about 75 per cent of the puncture 
voltage, and the increments about 5 per cent each, the aim being 
to continue the test for three to five minutes. 

Гіте Tests. Beginning with the instantancous test, successive 
tests are made at decreasing voltages, each being maintained 
constant till puncture occurs, the curve being continued till the 
voltage approaches a constant value. Heating effect may be 
very marked and have a most important influence on results. 

Test for Arcing Voltage. Results will not be greatly affected 
by time of test, except as this determines the temperature and 
consequently the specific capacity. 

Tests should be made somewhat as in the ‘‘ one minute test ”, 
each voltage being maintained till the effects become sensibly 
constant, the final increment of voltage being very gradual. 
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Test for Energy Loss. The time of application of stress affects 
the energy loss principally as it influences the temperature of 
test piece. For complete information it is necessary therefore, 
to determine the curves of energy loss versus both time and tem- 
perature, at or between the limits of 25 and 100 deg. cent. 

Test for Specific Capacity. The considerations оЁ the last 
paragraph apply equally to tests of capacity. 


FREQUENCY 


The range of commercial frequencies—25 to 60 cycles—is too 
limited to have great influence on the results in standard tests 
and heretofore I believe it has not been customary to make any 
difference in the insulation of apparatus for variations in oper- 
ating frequency over this range. 

Test for Dielectric Strength. Results will vary slightly wath 
the frequency but principally due to variation in energy loss and 
consequent heating, the higher frequency leading to a lower 
puncture voltage. 

Test for Arcing Voltage. Results will vary with frequency, 
as this determines the charging current, and to a large extent, the 
“static " discharges and creeping effects. No great difference 
is to be expected between 25 and 60 cycles, however, and tests 
should be made at 60 cycles, so that results may be on the safe 
side. 

Test for Dielectric. Hysteresis. Results will depend on fre- 
quency and it may be necessary to make tests at both 25 and 60 
cycles. 

Test for Specific Capacity. Results will scarcely be affected 
by a variation in frequency between 25 and 60 cycles, the lower 
frequency tending to give higher values of capacity due to ab- 
sorption. 

Measurements by the proposed method may more readily be 
made at higher frequency, such as 120 cycles, since a small con- 
denser will then take a current of sufficient magnitude for ac- 
curate measurement on ordinary instruments. 

Conclusions. "Tests for dielectric strength of materials for 
use at 25 to 60 cycles should be made at the frequency of 60 cycles. 
ouch errors as exist due to variation from normal frequency are 
negligible or on the safe side. 

For exact determination of dielectric hysteresis and arcing 
voltage the normal frequency must be used, and for capacity 
measurements 60 to 120 cycles is suitable. 7 
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Test piece should be considerably larger than electrodes to 
avoid leakage at edges of disks, and measurements should 
ordinarily be made under oil to avoid corona and leakage, and to 
represent condition of actual use of the diclectric as in oil-filled 
apparatus. 

Greater accuracy would also be made possible by the use of the 
familiar guard ring. 

Great refinement in method is unnecessary in the present state 
of the art, particularly as the variations in different samples of 
commercial materials are sufficient to entirely mask small errors 
in method. 

Miscellaneous Shapes. Definite specifications can not be 
given for special tests, but the general considerations already 
given may be applied, the aim being to obtain either zdeal or 
working conditions, as the case scems to demand. 


TESTING DEVICES—FORM OF ELECTRODES—EFFECT OF EDGES 


Theoretically the edges of electrodes should be rounded to a 
large radius to avoid the increase of dielectric flux density due 
to sharp edges. However there 15 always question regarding 
what this radius should be and in the absence of standards, I 
have generally used square, but not sharp edges, the corners being 
rounded to an insensible radius. 

Thin sheets such as varnished cloth, whether tested in air or 
oil, seem usually to puncture at the edges of electrodes unless 
the latter are well rounded. Hence, I have used rounded edge 
terminals for standard tests, but square edges for special tests on 
greater thicknesses or under oil. 

The increased stress on corners of electrodes is, however, ob- 
jectionable, and in consequence thercof, failure of the diclectric 
tends to occur at this point. It is my intention to adopt clec- 
trodes with corners rounded to a radius equal to one tenth of the 
diameter of the flat face, for all standard tests for dielectric 
strength of flat sheets and plates. 

Insulating Medium. All tests must be made either in air or 
under transformer oil and often in both ways, the results usually 
being quite different for the two cases. Obviously the conditions 
of test should as closely as possible resemble those of actual use, 
the best method to adopt depending on circumstances. 

Insulating materials for high tension work are generally used 
under oil, and tests in air are impracticable owing to liability 
of arcing around the test picce, unless the latter is very large. 
The effects of immersion may be briefly discussed. 
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Effect on Test Piece. The electrical properties of insulating 
materials permeable to the oil are in general improved by im- 
pregnation and they should therefore, be thoroughly saturated 
before testing. 

If the properties in a normal unimpregnated condition are 
required tests must be made in air, or immediately after immer- 
sion, or the material may first be rendered oil proof by a thin 
coating of lacquer or similar material of negligible influence on 
the other properties. 

The good effect of saturation will largely be lost if test 15 
made in air as the stress will drive the oil out of the material 
to some extent. This is especially noticeable with oiled press- 
board, one of the best known insulators, in which the dielectric 
strength is nearly twice as great under oil as in air. 

In laminated materials, the filling of the interstices with oil 
will also have an influence on results. 

Effect of Electrostatic Field. The general effect of oil immersion 
is to eliminate corona and static discharges over the surface of 
test piece, to render the form an intensity of electrostatic ficld 
more definite and uniform and to concentrate it at edges of 
electrodes. 

Effect on Temperature. This is very marked and conse- 
quently of great importance, especially in long time tests, a large 
volume of oil tending to maintain a constant temperature through 
out. + 

Tests at the different standard temperatures are thus readily 
made under oil, the oil being brought to the desired temperature 
before making test. 

MATERIAL 

Form. Тһе material under test will usually be in one of the 
following forms: (1) liquids, (2) thin sheets and flat plates, 
(3) tubes, (4) miscellaneous. 

Size. Тһе puncture voltage of insulating materials depends 
more or less on the size of the area under stress, since the larger 
the area the greater the chance of including abnormally weak 
spots; therefore, this area should be as large as can conveniently 
be used. 

Thickness. Тһе thickness of commercial insulating materials 
usually lies between 0.001 in. and 2 in. (0.0254 and 50.8 mm.) 
and by far the greater proportion between 0.01 and 0.5 in. 
(0.254 and 12.7 mm.). Tests are most often required on single 
layers and multiple layers up to a total thickness of 0.5 in. 
(12.7 mm.) 
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The dielectric strength in general varies between the square 
root and first power of the thickness, for either single or multiple 
layers, hence, unless the law of variation is accurately known, the 
test must be made on the actual thickness under consideration. 

Thin Sheets. Flat circular disks of various diameters with 
square or rounded edges are generally used as electrodes. 

It is usually most convenient to test very thin sheets in air, 
and for this purpose the material may be placed horizontally 
between the ends of brass cylinders of suitable diameter and 
weight, the lower cylinder being of any convenient height and 
the upper one made heavy enough to flatten out slight bends in 
the sheet and make uniform contact. The larger the area of the 


Fic. 15.—Spark gap for all high tension tests—showing different forms 
of electrodes employed and motor driven oil pump 


electrodes the better, but the dimensions are limited by practical 
considerations, it often being necessary to make a large number 
of trials on a small sample. 

For my own work there have been used brass cylinders 2 in. 
(50.8 mm.) in diameter with edges rounded to 1 in. (6.35 mm.) 
radius, the lower cylinder being 1 in. (25.4 mm.) high and the 
upper about 5 in. (127 mm.) giving a pressure of 2 lb. per sq. in. 
(0.14 kg. per sq. cm.) area of face. These as well as a smaller 
pair are shown in Fig. 15 at the left end of table. 

For standard tests of varnished cloth in single lavers the upper 
electrode is used with а }-in. (3.1-mm.) brass plate 1 ft. (0.3 m.) 
square for the lower electrode, five or ten trials being made, 
the upper electrode being shifted for each trial. 
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Flat Plates: Spark Gap for Tests in Air or ОН. The apparatus 
shown in Fig. 15 is used for a great variety of standard and 
special tests on all kinds of test pieces, in air or oil, hot or cold, 
and also for special tests on the oil itself, up to 200,000 volts. 

The testing box contains three compartments, the testing 
compartment at center provided with plate glass windows in 
each side, and smaller oil-filled compartments at each end, the 
latter serving merely to support and insulate the terminal rods. 

The latter are 0.75 in. (19 mm.) in diameter, graduated in 
20ths of an inch and sliding through heavy brass tubes supported 
in the ends and partitions of box. Graduated screw collars on 
ends of tubes permit measurement of distance between elec- 
trodes to 0.01 in. (0.25 mm.) 

Тһе inner ends of rods are drilled for needles, and a large num- 
ber of electrodes of different sizes and shapes are also furnished 
and arranged to slip over the ends of rods. 

These are shown on the table in front of test box. Тһе large 
disks at the right are 10 in. (25.4 cm.) in diameter and are used 
for measurements of specific capacity. Flat disks with square 
(not sharp) edges are provided of 1, 2 and 4 in. (2.54, 5.08 and 
10.16 cm.) diameter, the latter being shown in position on the 
rods, and generallv used when size of test piece permits. 

The end compartments of the box are always kept filled with 
oil, while the middle or testing compartment, 1s filled as required 
from the storage tank bencath, by means of the motor-driven 
centrifugal pump, shown connected to the box by rubber hose. 
The opening of a valve in this pipe, with pump stationary, allows 
the oil to flow by gravity backward through the pump to the 
storage tank. 

For high temperature tests, the oil is heated by means of small 
electric heating units immersed in the oil. 

This outfit is very complete and extremely convenient, nearly 
all of the results of tests given under “ Characteristics of Insu- 
lating Materials ", being obtained with it. 

Tubes. Insulating tubes must usually be tested under oil 
between a central conductor and an outside wrapping of heavy 
lead foil. Paper, varnished cloth, treated tape and similar ma- 
terials may be conveniently tested when wrapped to the required 
thickness on round rods or tubes, and handled the same as tubes. 

Results will obviously depend on the ratio of outside to inside 
diameter of insulation, the ratio for maximum dielectric strength 
for a given outside diameter being, as 15 well known, theoretically 
equal to е= 2.718. 
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If this ratio closely approaches unity the results will be com- 
parable to those for flat disk electrodes, hence a diameter of 
2 in. (5.08 cm.) for the rod or tube, with a thickness of 0.125 
to 0.5 in. (3.17 to 12.7 mm.) for the insulation, are suitable 
proportions. 

In my own work, rods of rectangular cross-section 0.5 in. 
(12.7 mm.) by 1.5 in. (38.1 mm.) (resembling the proportions of 
armature coils) and round rods 0.75 in. (19.05 mm.) diameter 
have generally been used, but brass tubes of 2 in. (50.8 mm.) 
outside diameter and 3/32-1n. (2.38 mm.) walls have recently been 
adopted, and are recommended for standard tests. 

Tests for Dielectric Hysteresis. Му own experience with these 
tests is very limited and no method has усі been standardized, 
but the methods recommended with the spark gap and tubes 
would seem to be suitable. 

Test for Specific Capacity. Тһе large electrodes shown in 
Fig. 15 are used for these measurements, a voltage of 5,000 to 
15,000 at 60 to 120 cycles on test pieces 0.125 to 0.250 in. (3.17 
to 6.35 mm.) thick giving good readings on reflecting dynamoime- 
ter. Still larger electrodes would be advantageous if the size 
of the testing box would permit. 

Liquids. Transformer oil is by far the most important liquid 
to be tested and as the same device may be used equally well for 
nearly all liquids, the spark gap for oil testing песа alone he 
considered. 

This consists of an insulating containing vessel of small ca- 
pacity, provided with suitable electrodes which may or may not 
be adjustable for arcing distance. 

Ordinarily a constant distance is used so that all results may 
be directly comparable and а standard dielectric strength 
specified for the oil. 

Three forms of spark gap are now in use: 

Electrodes arranged vertically in cup. 

Electrodes arranged horizontally in cup. 

Electrodes arranged horizontally on separate frame dipping in 
cup. 

The electrodes consist of balls, flat disks or a ball and disk. 
All are adjustable for arcing’ distance, although a constant 
distance of 0.15 or 0.20 in. (0.59 or 0.78 mm.) is generally used 
rendering adjustment unnecessary. 

Quantity of oil required for test is from a pint to a quart 
(0.47 to 0.94 liters), a number of trials being made on each 
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sample (usually five) and average taken, the oil being stirred 
between successive trials. | 

The disadvantages of these types for rapid work in a testing 
laboratory are: 

1. Adjustability is in most cases unnecessary. 

2. A large sample of oil is required for test. 

3. A number of trials must be made on one sample. The 
arcs һауе a serious effect on the diclectric strength of sample, 
tending to increase it by the burning out and driving off of 
impurities or to reduce it by carbonization of oil. Hence the 
first trial only is rcli- 
able. Each trial should 
be made on a separate 
portion of the oil. 
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Fic. 17.—Proposed spark 

gap for oil testing—elec- 

Fic. 16.—Proposed spark gap for oil test- trostatic field of thin disk 
ing—thin disk and tube model and tube model 


4. Distance between electrodes frequently is too small for 
accurate determination and maintenance. 

5. Construction is not adapted to rapid and convenient use. 

6. Voltage required is inconveniently high, 50,000 volts or 
more, necessitating large and expensive transformers. 

In my own work it is often necessary to make five trials оп 
each of 100 to 200 samples per day, hence the necessity for rapid 
manipulation is obvious. 

I have designed about fifteen different forms of spark gaps, 
seven of which have been built and tested. The final form is 
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intended to overcome most of the above objections and is shown 
in half section in Fig. 16, which also exhibits the seven com- 
ponent parts. It consists of a hard rubber cup, the upper por- 
tion containing a brass tube lining as one electrode, and the lower 
supporting a brass column carrying at its upper end a brass 
disk concentric with the tube and forming the other electrode. 
All dimensions are in millimeters. 


Inside diameter of tube................. 250 mm. 
Diameter of disk............... Бабы =40 mm. 
Thickness of (1ЗК....................... 22 mm. 
Length: OF жарасса келеле i oa шерте ты wake =5 mm. = 0.1968 in. 


Edges of the disk are square and eight holes are drilled through 
it to allow free oil circulation and prevent the collection of air 
bubbles underneath. 

The considerations underlying this design are as follows: 

Voltage. This can only be reduced to a convenient value by 
reducing the arcing distance, or by increasing the density of the 
electrostatic field by concentrating it at one electrode. 

An error of 0.001 in. in 0.2 in. (0.025 mm. in 5.08 mm.) equals 
one-half per cent, hence 0.2 in. (5.08 mm.) is as small a рар as 15 
desirable. It is also a standard in wide use. It therefore, be- 
comes necessary to resort to a concentrated field. 

Shape of Electrodes. Тһе disk and tube seem to combine some 
desirable features: 

1. Both electrodes are of simple symmetrical form easily made 
and measured and of great durability under usc. 

2. Disks of one and two mm. thickness with square or slightly 
rounded corners all gave the same results, hence slight variations 
in thickness of disk and condition of edge may be neglected. 

3. The ratio; volume of oil under stress to total volume is very 
great. 

4. The slight burning of the electrodes shows that arcing occurs 
Over a zone about 15 to 20 min. wide on the tube and 2 to 3 mm. 
back from edge of disk. This is somewhat surprising, as it 
would naturally be thought that arcing would always occur from 
the edge of disk, and especially from the corners. 

This is not the case but arcing occurs anywhere within the 
limits above given, showing the great lack of homogeneity of the 
oil. 

The effective area of the tube electrode is thus represented by 
a band 15 mm. in width and 157 mm. in length or 24 sq. cm. 
which is far greater than in any other proposed form of spark 
бар. 
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5. The cup and terminals are circular and thus perfectly 
symmetrical about a vertical axis. 

6. There are no corners to retain dirt and it is easily kept 
clean. The hard rubber gives practically perfect insulation, is 
non-absorbent and neutral to the oil. 

7. The voltage required is about 75 per cent of that for 0.2 in. 
(5.08 mm.) between 0.5 in. (12.7 mm.) disks, varying with the 
quality of the oil, as shown іп Fig. 18 which gives the correspond- 
ing voltages for the two forms of spark gap. А 60,000-volt 
transformer 1s necessary with the standard gap of 0.2 in. (5.08 
mm.) between 0.5-in. (12.7-mm.) disks, ог 45,000 volts for the 
disk and tube gap. 

8. No adjustment is needed, and as every part is circular in 
form, it 1s easily made and accurately set. 

Method of Use. The spark gap is not provided with terminal 
connections but 15 intended to be slipped into a simple sup- 
porting frame, making contact by spring clips. For most con- 
venient use it may be mounted on trunnions, and arranged to be 
inverted for emptying into a vessel beneath, automatically 
connecting to thc spring clips when in a normal position. 

А very small sample (155 cu. cm.) may be tested, but ordi- 
narily only one trial should be made on each filling, the cup being 
filled and emptied for each shot. One quart (0.94 liters) of oil 
is sufficient for 7 trials. This assures that a normal representa- 
tive sample is used for cach trial. Тһе sample should be thor- 
oughly mixed immediately before pouring into the spark gap, 
as the impurities rapidly settle to the bottom, and care should 
be taken to climinate air bubbles before testing. 

The instantaneous method of test is always used though the 
results are affected in an irregular way by the time element. 
Apparently this is not due to diclectric hysteresis, but to tran- 
sient voltages in discharge circuit, and to circulation of the oil 
in the cup, which eventually carries the impurities between the 
electrodes and tends to give lower readings of dielectric strength 
with inerease of time. 

I have not thoroughly investigated this point and it is possible 
that better results would be given by one minute tests but the 
regular adoption of this method is out of the question owing to 
the time and labor involved. Better results should also be ob- 
tained with less effort by repeating the test on additional samples. 

Results. This spark gap has been thoroughly tested in com- 
parison with a standard which consists of a wooden box holding 
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about one quart (0.94 liter) of oil, and provided with flat disk 
electrodes arranged horizontally in box, the disks being 0.5 in. 
(12.7 mm.) in diameter and placed 0.2 in. (5.08 mm.) apart, 
five trials made on each sample of oil. 

The comparative results are shown by the curve of Fig. 18. 

It must be admitted that for the higher voltages the disk and 
tube gap is not so sensitive to variations in quality of oil as is 
the double disk gap. This objection can be overcome by the 
use of a disk 1 cm. in thickness instead of 2 mm., with corners 
square, or rounded to 2 mm. radius, which gives the same sensi- 
tiveness as the standard double disk gap. This unfortunately 
sacrifices the advantages of the lower voltage required іп testing, 
which was one of the main objects of the new design, but ap- 


КУ. DISK AND TUBE 


КУ. ST'N'D САР 


Fic. 18.— Comparison of standard Fig. 19.— Proposed spark gap 
spark gap with disk and tube for oil testing—thick disk 
and ring model 


parently a uniform field is required for sensitiveness in indications 
of the quality of oil. 

The latest form of spark gap is shown in Fig. 19. In this a 
disk one ст. thick with square (not sharp) corners and is used with 
а, flat ring of one cm. width of face as the outer clectrode, thus 
giving a nearly uniform field but requiring the same voltage as 
the double disk gap. 

With this construction the volume of oil under test is still 
greater than with the thin disk, and the intensity of the сіссіто- 
static field is more nearly uniform. There seems to be no good 
method for greatly reducing the voltage required without loss of 
Sensitiveness. 

Accuracy. It must be admitted that no grcat accuracy can be 
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attained in oil testing, owing to the great variation in purity of 
the oil itself in different parts of the same sample or tank. 

Variations of 50 per cent for successive shots on the same 
sample are common, and in general, the average of five trials 
cannot be considered accurate to within less than 10 per cent 
plus or minus. As already explained this may be due not so 
much to inaccuracy of method as to real differences in dif- 
ferent portions of the oil itself, but it is none the less difficult 
to determine a definite value for the diclectric strength of a 
quantity of oil. If it is of extreme purity, successive tests 
(average of five shots each) may agree within 1000 volts. 

Other Methods. The use of a small induction coil has been 
proposed in place of the transformer. I have not thoroughly 
tested this method and doubt its effectiveness. 

Measurement of insulation resistance has also been tried but 
found impracticable owing to the extremely high resistance of the 
oil. The resistance also varies greatly with temperature and - 
there seems to be no close connection between resistance and 
diclectric strength. The dielectric strength must be known, and 
it is the dielectric strength that must be measured. 


CHARACTERISTICS OF INSULATING MATERIALS 


General. It will be possible to present but a few general con- 
siderations, supplemented by some characteristic results of tests 
on commercial insulating matcrials. 

In the study and comparison of these materials it 1s best to 

look for similarity and correspondence everywhere, rather than 
to emphasize slight and accidental differences which are much 
more likelv to be due to variations in physical state, form, purity, 
amount of containcd water, and methods of test, than to be 
inherent іп the particular kind of material. 
_ All insulating materials may be divided into a few classes, 
each covering broadly all materials of the same general charac- 
teristics, and if the group to which a given material belongs 16 
known, its behavior as an insulator may often be predicted. 

The literature of the subject is incomplete and unsatisfac- 
torv, the problem usually being attacked from the standpoint 
of physics rather than from that of enginecring, and every 1n- 
vestigator using different materials and methods. 


CLASSIFICATION 


The materials with which we are most concerned may be 
divided into the three chief classes, vtz., liquid insulators, viscous 
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insulators, and solid insulators; and obviously many materials 
may exist in any of these states. 

Liquids. Fessenden states that “ Practically all the fluids 
which are not simple elements, like mercury, have very high 
ohmic resistance, and all have practically about the same di- 
electric strength.” 

This agrees with my own experience, as I have always found 
approximately the same diclectric strength in all transformer 
oils, gasoline, benzine, cylinder oil, linseed oil, varnish, etc., if 
at normal air temperature and equally pure and free from water. 
Since it is practically impossible to determine the exact dielectric 
strength of a Наша, any characteristic difference would be diffi- 
cult to detect if small, minute traces of water, which are gen- 
erally present, having a far greater effect on the results than the 
difference in kind of liquid. Fine dust and dirt in suspension has 
a very deleterious cffect on the oil, comparable to that of water 
in reducing the diclectric strength. 

Carbon tetrachloride (ССІ,) has been suggested as а sub- 
stitute for transformer oil, but is a very powerful solvent, and as 
such, may attack insulating materials, so that it is difficult 
to maintain its purity under use. Its diclectric strength, if 
pure, equals that of transformer oil, but it is rapidly reduced 
by arcing, each successive breakdown test giving lower results 
than the preceding. 

In general, the diclectric strength of all insulating liquids 
at 25 to 100 deg. cent. equals 50,000 volts (for 0.2 in. or 5.08 mm. 
between 0.5-in. or 12.7-mm. disks) plus or minus 10,000 volts, 
depending almost entirely on the amount of contained water and 

dirt. 

.. The dielectric strength of transformer oil when frozen hard 
is much greater than when liquid, and reaches its lowest valuc 
when in the viscous transition state between a liquid and solid. 

The curve Fig. 21 represents the effect of water on the di- 
electric strength of oil when thoroughly mixed. It is probable 
that the reduction of voltage is here a maximum, and that the 
effect would be less serious if the oil and water were less thor- 
oughly mixed. | 

Тһе mixture was allowed to stand about five minutes after 
mixing and before testing to allow air bubbles to rise to the 
surface. Tests on dry oil, shaken and allowed to stand as 
specified, showed that the effect of air bubbles, if present, was 
negligible. 
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I have not yet measured the dielectric hysteresis of liquids 
but it is undoubtedly very low. The specific capacity of trans- 
former oil has been found sensibly constant and equal to 2.5. 

Viscous Insulators. In this class may be placed such ma- 
terials as vaseline, mixtures of transformer oil with rosin, asphalt, 
ctc., which seem to have the same dielectric strength as trans- 
former oil. 

Varnish may exist in a partly dried viscous condition on the 
inside of finished apparatus, and when in this state seems to 
possess the same dielectric strength at 20 deg. cent and 85 dcg. 
cent. although when thoroughly dried, the dielectric strength 
is much reduced by the higher temperature. 

In general, I have found the dielectric strength of viscous 
insulators, to be less than that of the same material in the dried 
or solid state, but to be unaffected by a rise in temperature from 
20 to 85 deg. cent., apparentlv due to lower energv loss from 
dielectric hysteresis. 

The diclectric hysteresis and specific capacity have not been 
measured but are probably between those for liquids and solid 
insulators. The results of long time test under high voltage 
show great variations in heating, which may be due to the 
presence of water or other impuritics. 

Solid Insulators: | Variations. These exhibit greater variations 
than cither liquids or viscous materials, and also possess much 
greater diclectric strength, diclectric hysteresis and specific ca- 
pacity. 

Thickness. These variations are found not only between 
fundamentally different materials but also between different 
thicknesses of the same material. For example, pressboard 1$ 
made in all thicknesses from 0.007 to 0.124 in. (0.177 to 3.17 mm.) 
the thinner sheets being much denser, harder and more highly 
finished than the thick, and the variations in diclectric strength 
between the different thicknesses may be as great as between 
entirely different materials. Practically, they are different 
materials mechanically, though made of the same stock and in 
the same manner. 

These considerations also apply to many other materials. 

Fibrous Materials: Treatment. Cloth, tape, paper, press- 
board, wood, and to a smaller extent the chemical hard fibers, 
such as leatheroid, rawhide, and vulcanized fiber, can hardly 
be classed as insulators at all until they have been dried, and 
coated or impregnated with an insulating varnish or compound 
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which fills the pores and renders the surface waterproof. Hence 
nothing need be said regarding these materials in the undried 
and untreated state. 

Наға Fibers. Тһе chemical fibers are impervious to insu- 
lating liquids or compounds but frecly absorb water. When 
dry they are fairly good insulators but to remain so must be 
immediately waterproofed. 

Surface Coatings. A surface coating of insulating varnish 
increases the dielectric strength but slightly, unless the thick- 
ness of coat is large compared to thickness of material or the 
latter is a poor dielectric. This is shown in the case of varnished 
pressboard. 

Color. Vulcanized fiber and many other solid insulators are 
commonly colored with bone black or iron oxide. The di- 
electric strength seems to be unaffected by either, contrary to 
the usual impression. Laimp black is a conductor and its use is 
fatal to insulation. | 

Hardness ала Density. In gencral, the dielectric strength 
of fibrous materials increases with the hardness and density. 

Wool. Hard wood thoroughly dried and impregnated with 
an insulating liquid or compound is ап excellent insulator. 
Maple is considered best, but equally as good results have been 
obtained with cherry, ash and yellow pine. 

For impregnation, transformer oil, paraffine and rosin have 
been used, depending on the use to be made of the wood, the oil 
treatment being suitable for wood to be used under oil, and 
paraffine or rosin if used in air. 

Paper. Treated paper forms a large part of the insulation 
of high tension apparatus, particularly of transformers. 

Parchment, horn fiber, and pressboard, are three of the best 
and most widely used, and in conjunction with mica, varnished- 
cloth, tape, and treated wood form the major part of the entire 
insulation. 

Pressboard. The major insulation of all high-tension trans- 
formers consists of pressboard, either varnished or boiled in 
transformer oil. The latter simple and obvious method, seems 
to be a recent discovery, but one of great value as thereby the 
diclectric strength is increased above that of almost any other 
known material. It is particularly high for very short-time 
tests, a point of great importance where excessive transient 
voltages must be resisted. 

Varnished pressboard has about one-half the dielectric 
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strength, the insulating power being almost entirely in the var- 
nish film. For this reason the thicker material is not greatly 
superior to the thin, particularly as the latter is harder, more 
dense and more highly finished. 

Pressboard is таас from cotton rags and paper clippings in 
several grades, and has a thoroughly laminated structure, each 
0.003 in. (0.076 mm.) in finished thickness representing a 
separate layer of pulp, hence impurities are not especially ob- 
jectionable as they are confined to separate lavers. 

The principal defects arise from folds in the materials, which 
have been crushed by the calender rolls during the course of 
manufacture, thus destroving the mechanical and clectrical 
strength of the finished pressboard. 

Special Compounds. For best results, it is essential that elec- 
trical coils be thoroughly impregnated with solid insulating 
compounds. . 

For use in air, compounds composed of rosins, asphalt, ete., 
are suitable, but for oil-filled apparatus a material insoluble in 
the hot oil is necessary. 

These compounds must be forced into the coils under heat and 
pressure, and obviously may melt and run out afterward if 
apparatus 1s operated at very high temperatures. 

It is believed that the limit in the possibilities of vegetable 
gum compounds has about been reached, and that for future 
progress the synthetic gums or artificial rosins offer the best 
opportunities for improvement. 

These compounds, being liquid in the original state, may be 
forced into the coils while cold. On baking the liquid becomes 
perfectly hard and solid, and is then insoluble in oil and cannot 
be remelted. 

Variation of Dielectric Strength with Thickness. Why is not 
the dielectric strength of insulating materials proportional to 
thickness? The uniform experience with test pieces an inch 
(25.4 mm.) or less in thickness, shows that the puncture voltage 
varies between the first power and square root of thickness, and 
all attempts to prove otherwise, or to develop a universal formula 
have apparently failed. 

Possibly variations in form of the electrostatic field, using 
identical electrodes, with varying scparation to accommodate the 
different thicknesses, has something to do with it, but can hardly 
account for the great variations from a straight line law. The 
fact remains, however, and it is unsafe to calculate the diclectric 
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strength for a given thickness, from tests on a different thickness. 
Hence, no reliance can be placed on results given per centimeter, 
or per inch and based on tests of, say one mm. thickness. 

Effect of Lamination. The best insulators have usually a 
finely laminated structure. This is shown in mica, pressboard, 
and all built-up insulations of cloth, tape, paper, etc. 

The value of lamination may be explained іп part as follows: 

1. Weak spots are confined to one layer and are unlikely 
to line up throughout. 

2. Material being discontinuous, there 15 less danger that a 
rupture in one portion will extend to another. 

3. If used under oil, the interstices may be filled, thus adding 
to the strength and excluding air. 

4. Thin materials are in general superior to thick in both me- 
chanical and dielectric strength. 

Mechanism of Rupture of Dielectrics under High Potential 
Stress. Тһе exact action taking place during rupture is but 
imperfectly understood and there scems to be a tendency to lay 
too much stress on single aspects of the phenomena. 

In the most general case it is probable that the following takes 
place: 

1. А molecular strain in the dielectric corresponding to thc 
‘displacement ", or condenser current. 

2. Consequent heating bv dielectric hysteresis. 

3. Conduction by means of conducting impurities. 

4. Conduction by ionization. 

The prominence of each of the above will vary with the charac- 
ter of the dielectric, although in the majority of cases it would 
seem probable that all take place to some extent. Thus, pro- 
visionally, the action in each of the chief classes of insulators 
may be conceived as follows: 

Gases—molecular strain and ionization. 

Liquids—molecular strain; impurities; ionization. 

Solids—molecular strain; hysteresis; impurities; ionization. 

In solids, hysteresis is of great effect, and rupture may be 
almost entirely due to charring from the heat generated by the 
alternating stress. Тһе diclectric strength of many of the best 
insulators is reduced 50 per cent by an increase in temperature 
from 25 to 100 deg. cent. 

Arcing Voltage: Surface Creeping. Strictly spcaking there is 
no such thing as the “ creeping voltage ” of an insulator, the 
voltage required to arc over a clean insulating surface being 
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nearly independent of the kind of material and character of 
surface, but determined by the form and arrangement of elec- 
trodes and insulation. 

It depends indirectly on the capacity of the apparatus con- 
sidered as a condenser, and the character of the dielectric (as 
air or oil) which is ruptured by the arc, every “ creeping ” test 
being also a puncture test, as 1s obvious. 

Place two electrodes on a sheet of insulating material such as 
3/32 in. (2.38 mm.) oiled pressboard about 3 inches (76.2 mm.) 
apart and apply voltage. If in air the arc will form at or near 
the surface of pressboard at about 50,000 volts. Now place 
terminals opposite each other on opposite sides of pressboard 
and 6 in. (152.4 mm.) from edge.  Arc-over will occur at about 
40,000 volts. Thus the “creeping” or “arcing " voltage of 
oiled pressboard 1s 50,000 volts for 3 1n. (76.2 mm.), or 40,000 
volts for 12 in. (304.8 mm.) as the case may bo. 

If two layers of pressboard are used, the arcing distance for the 
same voltage will be the same in the first case, but greatly re- 
duced in the second, the capacity being reduced one half. Thus 
in designing insulations, such as separating flanges, the arc-over 
voltage may be increased more readily by making the flange 
thicker than by increasing the width. 

This principle is simple and may often be applied to great 
advantage. 

SUMMARY 

1. The principal high-tension tests of insulating materials 
are stated, and the requirements in testing apparatus defined. 

2. Suitable generators, transformers and controlling and 
measuring apparatus are described and illustrated. 

3. The spark-gap for measuring voltage is discussed and the 
voltmeter coil in transformer recommended. 

4. Suitable methods of test are described. The adoption of 
standard methods and devices is recommended. 

5. Spark-gaps for oil testing are discussed. 

6. Some characteristics of insulating materials are discussed. 

7. Results of actual tests are given іп the form of curves. 

I desire to acknowledge the great assistance rendercd in the 
experimental work and preparation of this paper by Messrs. 
M. E. Tressler, М. С. Newman and С. R. Blanchard. 


CONCLUSIONS 


This paper chiefly represents the author's personal experience 
and opinions and is intended to be mainly suggestive, and to 


1911] HENDRICKS: HIGH-TENSION TESTING 333 


excite interest in the general subject of high tension insulation 
and methods of testing, rather than to offer definite solutions of 
the problems presented. | 

Results of Test. Тһе following curve sheets represent some 
results of tests made by the methods and apparatus herein de- 
scribed and recommended. 

Great accuracy in this work is at present unattainable, nor 
is it claimed for the results given. Some of the curves were 
made especially for this paper and represent but a single series 
of observations, while others were made some time ago and 
have since been confirmed and modified by many additional 
tests. The latter are ideal curves and do not represent any one 
series of tests but are believed to be reliable. 

The figures given for accuracy represent the probable varia- 
tions of single points in a series of tests. They apply par- 
ticularly to the middle of curves, the accuracy being less for 
lower voltages and greater for higher. 

The values of specific capacity given represent the average of 
a number of measurements on different samples. Individual 
variations are about 20 per cent plus or minus. 


DIELECTRIC STRENGTH OF 

OIL WITH VARIOUS SHAPES 
OF ELECTRODES 

Curves. —For 4-іп. disks—2-in. balls— 
l-in. blunt conical points -needle 
points—4-in. disk and needle point. 

Material._— Heavy transformer oil. 

Dimensions.—Specific gravity 0.868— 
viscosity 100 Saybolt at 40 deg. 
cent. 

Composilion.—From Pennsylvania 
crude. 

Treatment.—Filtered through dried 
blotting paper. 

Method of test.—Beginning at lowest 
voltage, each curve is taken up to 
highest voltage and down again— 
about 10 to 15 points being taken 
оп each curve. Standard test on oil 
at beginning and end shows that 
quality remained nearly constant. 

Temperature.—20 to 25 deg. cent. 
Time—instantaneous. Frequency 
—60. Wave—sine. 

No. of trials —Each point, about 
five. 

Accuracy of curve.— Plus or minus 
10 per cent. 

Characteristics.—Puncture voltage de- 
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ЖТТ ГЕ | даа Carve т 
LLLI НВ Gurus И 
! | › points. Curve 4—using needles. 
INCHES сше §—using 4-in. disks апа 
Ріс. 20 Specific capacity —2.5 from 25 to 

1 deg. cent. 


Noles.—These are standard curves, suitable for use in design. They are based on the same 
data as those given in the paper on “ The Dielectric Strength of Ой" (Trans. A.I.E.E., 
1909) by Н. ғ Tobey. 
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WATER-PARTS ІМ 10000-BY VOLUME 
Fic. 21 


WATER IN TRANSFORMER OIL ; 


Curtes.— Dielectric strength versus content water. 

Maltericl.—lleavy transformer oil. 

Dimensions. -Specific gravity, O.N7--viscosity at 40 deg. cent. 2100 Saybolt. 

Composition, -From Pennsylvania crude. 

Treatment.—Oil is first filtered through dry blotting paper, and oil and water then emulsified 
Бу mechanical shaker. 

Method of test.— Standard spark gap 0.2 in. between 0.5-in. disks—two separate emulsions— 
four samples of cach -fve trials on each simple. 

Temperalure, 20 to 25 deg. cent. Time—instantancous. Frequency—75. Wave—sine 

No. of trrals.—each point, 49. 

Accuracy of curve. plusor minus 5 percent believed to be the most reliable ever published 

Characteristics. -Extremely rapid reduction of dielectric strength by minute quantities of 
water -under 0.01 in. И thoroughly. mixed. 

Specific саба Их. dry 0il =2.5 at 25 to 100 deg. cnt. 

Noles.—Practically identical results obtained oa light oll -specific gravity 0.85—viscosity 
at 40 deg. cent. = 40 Saybolt. 
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0 284 x 


Equation of curre,.— y = 


OILED PRESSBOARD ш 

Curres.— Dielectric strength versus 
thickness of sheet. 

Dimensions.—0.011 in. to 0.1122 in. 
thick. 

Com posilton.—Cotton rags and paper 
clippings. 40 

Treatment. Dried апа boiled іп 
transformer oil. 

Method of test. Between square сіре 
Aat disks ! in. in diameter under oil. 

Temperature. -20 to 25 deg. cent. 
Time one minute. — Frequency— 20 
60. Wüuve-- sinc. 

No. of trials. Each point, one to four. 

Accuracy of curre. - 19 per cent plus or Р 
minus. Curve is based on but a few 109 
trials, hence is not very reilable, but 
shows typical results. 


Characteristics.— Material is variable; оооу мио ва ш Дю 420,40 
results depend largely on time of 


ў HM Po THICKNESS — INCHES 
application of stress. 

Specthic capacity, 41.9 to 20 to 25 deg. FiG. 99 
cent, under oil. 


30 
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Noles- Total time of test is about five minutes (average) giving rather low results, 
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OILED PRESSBOARD 


Curvres.— Dielectric strength versus 
number of layers of different thick- 
nesses of board. 

Dimensions.—0.11 in. to 0.122 іп. : 
thick—one to six layers. 

Com position.—Cotton rags and paper 
clippings. 

Treatment.— Dried and boiled іп 
transformer oil. 

Method of test.— Between square edge 
flat disks 4 in. in diameter under oil. 

Temperature.—20 to 25 deg. cent. 
Time—one minute. Frequency-— 
60. Wave—sine. 

No. of trials. — Each point, one to four. 

Accuracy of curve.—10 рег cent plus 
or minus. Curve is based on but a 
few trials, hence is not very re- 
liable, but shows typical results. 

Characteristics.— Material is variable; 
results depend largely on time of 
application of stress. 

Specific capactty.—4.9 at 20 to 25 deg. 
cent. under oil. 

Notes.—' Total] time of test is about 
5 minutes (average) giving rather 
low results. 
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VARNISHEDJPRESSBOARD 1 


Curres.—Dielectric strength versus 
number of layers of different thick- 
nesses of board. 

Dimensions. —0.035 in.. 0.067 іп. and 
0.097 in. thick—one to six layers. 
Composition.—Cotton rags and paper 

clippings. 

Treatment.—Dried and given two 
Coats of varnish. 

Method of test.—Between square edge 
flat disks 4 in. in diameter under oil. 

Temperature.—20 to 25 deg. cent. 

ime—one minute. Frequency — 

,90. Wave-sine. 

No. of trials.—Each point, one to four. 

Accuracy of curve.—10 per cent plus 
от minus. Curve is based on but a 
ew trials hence is not very re- 
liable but shows typical results. 
haracteristics.—Dielectric strength 
low but fairly uniform, depending 
largely on varnish film; nearly pro- 
portional to total thickness within 
limits of tests. "EN 

Specific capacity.—2.9 at 20 to 25° С. on 0.097-in. board. | | | 

Notes.—Same results were obtained оп 0.067-in. and 0.097-in. board. Thin board is su- 
perior to thick in hardness, density and finish, thus compensating for difference in thick- 
ness. Thickness given із as actually measured after varnishing. 
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SPECIFIC CAPACITY OF OILED 
PRESSBOARD AT DIFFER- 

— —- ENT TEMPERATURES 

Curves.—Specific capacity versus tem- 
perature. 

Dimensions.—0.125 in. thick. 

Com position.—Cotton rags and paper 
clippings. 

Treatment.—Dried апа boiled іп 
transformer oi]. 

Method of  test.—Between square 
cornered flat disks 10 in. in diam- 
eter under oil at different tem- 
peratures. 

Temperature.—13 to 100 deg. cent. 
Frequency—60. Wave—sine. 
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5.2 zs 
| No. of trials.—Each point, one. 
n | Accuracy of ситое.—5 per cent plus ог 
4.8 | З) minus. 
Charactertstics.—Specific capacity in- 
-— | creases very rapidly with rise of 
| temperature. 
14 E | | f i Specific a б at 13 deg. cent. 
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TOTAL ARCING DISTANCE-—INCHES 
Fic. 26 
“ CREEPING ” OR ARCING VOLTAGE ON OILED PRESSBOARD 
Curves, —'' Creeping '' voltage between electrodes on same or opposite sides of board—using 


different number of layers of board. 

Dimensions.—0.095 in. thick. 

Com position.—Cotton rags and paper clippings. 

Treatment.— Dried and boiled in transformer oil. 

Method of test.—Between round flat electrodes 4 in. in diameter or resting on flat semi- 
circular electrodes of 2-in. radius the rounded faces of electrodes facing each other on 
same side of board. All electrodes have square corners where in contact with board. 
Tests under oil. 

Temperature. —20 to 25 deg. cent. Time—intsantaneous. Frequency—60. Wave—sine. 

No. of trials.—Each point, five to ten. 

Accuracy of сигте.— 10 per cent plus or minus. 

Characteristics.— Curves show the great difference in arcing voltage for a given distance, 
depending on whether terminals are on same or opposite sides of board. 

Condenser capacity.—Practically zero with terminals on same side of board and very large 
when on opposite sides. 

Notes.—This shows that the ''creeping " voltage is not a constant of the material but 
depends on the arrangement of parts. 
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DIELECTRIC STRENGTH OF 
OILED PRESSBOARD 


Curves.—Diclectric strength versus 
number of layers of different thick- 
ness, 

Dimensions.—One to six layers of 
Sheets, 0.031 in. to 0.125 in. thick. 

Composition.— Cotton rags. 

Treatment.— Dried апа boiled іп 
transformer oil. 

Method of test.- -Between square 

„ cornered flat disks under oil. 


Vemperature.—20 to 25 deg. cent. 
Гіте--опе minute, Frequency— 
„80. Wave—sine. 

No. of trials —Each point, small 


number. 
Accuracy of curre.-—10 per cent plus 
ог minus. 
Charactertstics.—Diclectric strength of 
0.031-іп. is proportional to total 
thickness but of thicker sheets in- 
creases at slower rate. 
Specific ca pacity.~-4.3 at 20 to 25 deg. 
Cent. under oil. 
Notes,.— This is а standard 


curve 
based on long experience. 
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DIELECTRIC STRENGTH 
OILED PRESSBOARD 

Curres.— Dielectric strength versus 
thickness of sheet. 

Dimensions.— 0.007 
thick. 

Com position.— Cotton rags. 

Treatment. -Dried апа boiled in 
transformer oil. 

Method of | test.—HBetween square 
cornered flat disks under oil. 

Temperature.- 20 to 25 deg. cent. 

i one minute. Frequency — 
60. Wüave-— sine. 

Хо. of trials.—Each point, large num- 
ber, 

Accuracy of curve.—10 per cent plus 
or minus. 

Characteristics —-Extremely high di- 
electric strength. 

Specific capacity.—4.3 at 20 to 25 deg. 
cent. under oil. 

Notes.— This is a standard curve based 
on many tests. 
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DIELECTRIC STRENGTH 
VARNISHED PRESSBOARD 


Curres.— Dielectric. strength versus 
number of layers of different thick- 
ness. 

Dimensions.—0 007 in. to 0.125 іп. 
thick before treatment. 

Com position.—Cotton rags. 

Treatment.—Dried and given two to 
four coats linseed oil and gum var- 
nish, depending on thickness. 

Method of test.—Between square 
cornered flat disks under oil. 

Temperature.—20 to 25 deg. cent. 
Time--one minute.  Frequency— 
60. Wave—sine. 

No. of trials. —Each point, one series 
of tests. 

Accuracy of curve.—1O per cent plus 
or minus. 

Characteristics.— Dielectric strength 
nearly proportional to total thick- 
ness. 

Notes.—This is a standard curve. 
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DIELECTRIC STRENGTH 
VARNISHED PRESSBOARD 


Curves.— Dielectric strength ver- 
sus thickness sheet. Curves 
represent thickness varnished 
and unvarnished. Dielectric 
strength is for varnished only. 

Dimensions.—0.007 in. to 0.125 in. 
thick before treatment. 

Com posstion.—Cotton rags. 

Treatment.— Dried and given two 
to four coats linseed oil and gum 
varnish depending on thickness. 

Method of test.—Between square 
cornered flat disks under oil. 

Tem perature.—20 to 25 deg. cent. 
Time—one minute. Frequency 

--60. Wave—sine. 

No. of trials.—Each point, large 
number. 

Accuracy of curve-—10 per cent 
plus or minus. 

Characteristics.—Curve is broken 
line because the different thick- 
nesses vary in character and 

treatment. umber of coats of 

varnish increases with thickness. 

Notes.—This is a standard curve 

based on long experience. 
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DIELECTRIC STRENGTH OILED PRESSBOARD 

Curres.— Dielectric strength versus thickness sheet; curves represent thickness treated and 
untreated; dielectric strength ts for treated only. 
Dimenstons.—-0.007 in. to 0.125 in. thick, before treatment. 


Com position.-—Cotton rags. 


350 


Treaimenit.—-Dried; boiled in linseed oil; the 0.031-in. to 0.125-in. board also received two 


coats varnish. 
Method of test. 
Temperature.—20 to 25 deg. cent. 
No. of trials.—Each point. one scries of tests. 
Accuracy of curve.—10 per cent plus or minus. 


Between square cornered flat disks under oil. 
Time one minute. 


Frequency—60. 


Wave—sine. 


Characteristics.— Curve is broken line because the different thicknesses vary in character 


and treatment. 


Notes.—-This is a standard curve based on long experience. 


DIELECTRIC STRENGTH 
OILED PRESSBOARD 


Curres.—Diclectric strength versus 
number of layers of different thick- 
ness. 

Dimensions. —0.007 т. to 0.125 in. 
thick before treatment. 

Com posttion.—Cotton rags. 

Treatment.—--Dried; boiled in linseed 
oil; the 0.03 l-in. to 0.125-in. board 
also received two coats varnish. 

Method of test.—Between square 
cornered flat disks under oil. 

Temperature.—20 to 25 deg. cent. 
Time--one minute. Frequency — 
60. Wave—sine. 

No. of trials.—Each point, one series 
of tests. 

Accuracy of curre.—10 per cent plus or 
minus. 

Characteristics —Dielectric strength 
nearly proportional to total thick- 
ness. 

Notes.—This is a standard curve. 
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TIME TEST; OILED OR VARNISHED PRESSBOARD 


Curves.— Dielectric strength versus tim? for oil21 or varnished pressboard. 

Dimenstons.--0.94 in. thick. 

Com posttion.—New cotton rags. 

Treatment.—Oiled pressboard, dried and boiled in transformer oil; varnished pressboard, 
dried and treated with four coats varnish. 

Method of test,.-—Between flat, square cornered disks, under ой. А definite voltage applied 
ane held till puncture occurs. Spark gap contains about 15 gals. of oil, hence heating is 
slight. 

Тетрегиите.—20 to 25 deg. cent. Time—until rupture. Frequency—60. Wave—sine. 

No. of trials.—Oiled board, average of two curves, 10 points each. 

Accuracy of curre.—Plus or minus 10 per cent on oiled pressboard; plus or minus 20 per cent 
on varnished pressboard. 

Charactertstics.— Oiled board gives definite results on a smooth curve; varnished board 
Rives very irregular results; curve shows general tendency only. 

Specific capactty.—Oiled board =4.3 under ой at 20 to 25 deg. cent. 

Notes.—As opportunity for cooling was excellent, the heating effect must have been very 

“small. Results under heat may be expected to be very different. 


INCREASE OF ENERGY LOSS 
IN INSULATION WITH Ж 
INCREASE OF TEMPERATURE | 


Curves.—Loss in the insulation of a 
high tension transformer. 
Material.-—Mainly oiled pressboard. 
Method of test.--Loss measured by 
wattmeter at middle of high-ten- 
sion winding as shown in Fig. 13. 
Тет peralure.—23 to 58 deg. cent. 
Типе--11% hours. Frequency—-60. 
Temperature of oil taken at top. 
No. of trials,-—Each point, one. 
Characteristics — Losses increase 
slightly faster than square of tem- 
perature rise. 
Note,—Voltage wave has an .1lth 
harmonic, 12 per cent of the funda- 
mental, 
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DIELECTRIC STRENGTH 
OILED WOOD 


Curres.—Diclectric strength with and 
across grain, versus thickness wood. 
Material—Hard maple. 
Dimensions.—M in. to ] in. across 
grain; 1 in. to біп, with grain. 
Treatment.--Across. grain, boiled in 
transformer oil under vacuum, with 
grain, атса under vacuum, boiled 
at atmospheric temperature. 
Method of (est.—— Between square 
cornered flat disks under oil. 


Temperature.—20 to 25 deg. cent. 
Time -опе minute. Frequency — 


60. Wave—sine. 

No. of trials.—Each point, one to 
three; three points across grain; 
5 points with grain. 

Accuracy of curte.—10 per cent plus 
or minus. 

Characteristics.—Dielectric strength 
across grain incrcases much slower 
than thickness but with the grain 
is proportional to thickness. 

Specific capacity.—Across grain — 4.1 
at 20 to 25 deg. cent. under ой, 

Notes.—'Test with and across grain on 
samples treaced by different meth- 
ods a long time apart. Wood seems 
to be identical in quality however. 


” 


Fic. 36 


2) А 
ІМСНЕ5 


DIELECTRIC STRENGTH ОЕ HARD FIBER 


Curres.—Measured on single thicknesses. 


Dimensions, —9.031-in. to l-in. sheets. 
Com position.—Chemical hard fiber. 
Treatment. —Drzicd before testing. 


Method of test. —Between flat, square cornered disks under oil. 


Temperature.—20 to 25 deg. cent. 


Time—one minute. 
Accuracy of curve.—About 10 per cent plus or minus. 


Frequency —60. Wave—sine. 


Characteristics, —Results depend largely on dryness of fiber. 
Notes.—Results on fiber of different colors seem to be identical. 
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ANNOUNCEMENT ОЕ A CHANGE ІМ THE VALUE 
OF THE INTERNATIONAL VOLT* 


On January 1, 1911, the Bureau of Standards will adopt a 
new value for the electromotive force of the Weston normal cell, 
namely: 


Е = 1.01830 international volts at 20 deg. cent. 


This is equivalent to an increase of about 0.08 of one per cent 
in the value of the international volt. Тһе change will affect 
to a slight extent all measurements of electric current, electro- 
motive force, and power, and will in some cases require slight 
changes in electrical measuring instruments. Some little in- 
convenience at least will thus be caused, and it is therefore im- 
portant that the necessity for the change and the consequences 
of it be fully explained. 

The International Electrical Congress, which met in Chicago 
in 1893, was composed of delegates from the United States, 
Canada, Great Britain, France, Germany, Italy, Austria, 
Switzerland, Sweden, and Mexico. In addition to adopting 
formal definitions for the principal electrical units of measure the 
congress fixed the numerical magnitudes of the three fundamental 
units which enter in Ohm’s law, and which were designated as 
the international ohm, the international ampere, and the inter- 
national volt, respectively. These numerical values are given 
in the following definitions: 


DEFINITIONS BY THE CHICAGO CONGRESS 


The international ohm, “ which is based upon the ohm equal 
to 10% units of resistance of the c.g.s. system of electromagnetic 
x Reprint of Circular No. 29 of the Bureau of Standards, Department 
of Commerce and Labor. 
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units, 1s represented by the resistance offered to an unvarying 
electric current by a column of mercury at the temperature of 
melting ice, 14.4521 grams in mass, of a constant cross-sectional 
area and of the length of 106.3 ст.” 

The international am pere “15 one-tenth of the unit of current of 
the c.g.s. system of electromagnetic units, and is represented 
sufficiently well for practical use by the unvarving current, 
which, when passed through a solution of nitrate of silver in 
water and in accordance with the accompanying specifications, 
deposits silver at the rate of 0.001118 of a gram per second.” 

The international volt ‘‘ is the electromotive force that, steadily 
applied to a conductor whose resistance is one international 
ohm, will produce a current of one international ampere, and 


1000 
1434 
of the electromotive force between the poles of the voltaic cell, 
known as Clark's cell, at a temperature of 15 deg. cent.” 

It will be noticed that the method of fixing the values of 
these three fundamental quantities is not uniform. The inter- 
national ohm is based upon but is not said to be equal to 10° 
c.g.s. units of resistance. It is, however, represented by the 
resistance of a column of mercury of definite length and mass. 
The international ampere, on the contrary, 1s one-tenth of the 
unit of current of the c.g.s. system of electromagnetic units, and 
is represented sufficiently well for practical use by the current 
which deposits a certain mass of silver per second under specified 
circumstances. The international volt is the electromotive 
force which will cause an ampere to flow through an ohm, and is 
represented sufficiently well for practical use by a certain fractional 
part of the unit of a Clark cell. Thus the international ohm 
is fixed by the resistance of a mercury column, the international 
amperes by taking one-tenth of a c.g.s. unit of current, and the 
international volt by means of the ohm and ampere. The 
figures for the mass of silver deposited per second by an ampere 
and the value of the volt in terms of a Clark cell were meant 
to be the equivalent of these values, as nearlv as they were 
known at the time. 


which is represented sufficiently well for practical use bv 


LEGISLATION IN VARIOUS COUNTRIES 


Not all the countries represented in the Chicago congress 
legislated on the subject of electrical units, and of those which 
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did no two adopted precisely the same definitions. The United 
States was the first to legislate, and bv an act of Congress, 
approved July 12, 1894, definitions were adopted substantially 
equivalent to those adopted at Chicago. Congress authorized 
the National Academy of Sciences to prepare and publish de- 
tailed specifications for realizing the international amperes and 
the international volt by means of the silver voltameter and the 
Clark standard cell. Accordingly such official specifications 
were adopted and published by the academy on February 9, 
1895. 

Similar definitions were adopted by Canada July 23, 1894, 
by Great Britain August 23, 1894, and by France April 25, 186. 
Germany did not act until June 1, 1898, and then adopted defini- 
tions which differed in two important respects. First, the 
ampere was not stated to be one-tenth the c.g.s. unit of current, 
but to be represented by the current which deposits 0.001118 
gram of silver per second in a silver voltameter. Thus the 
ampere was defined іп the same manner as the ohm. Second, 
the volt was defined as the electromotive force which caused 
an ampere to flow through an ohm, and its value in terms of a 
standard cell was not stated in the law. In 1000 Austria adopted 
definitions of the electrical units, in which the ampere was de- 
fined as by America, Great Britain, France, and Canada, but the 
definition of the volt was like that of Germany. 

In the five vears that intervened between the Chicago congress 
апа the adoption by Germany of legal definitions for the elec- 
trical units it was shown by new experiments that the value 
assigned to the e.m.f. of the Clark cell was probably nearly а 
tenth of one per cent too large. Accordingly, a smaller and 
more nearly correct value was chosen by Germany, namely, 
1.4328 instead of 1.434 volts, at 15 deg. 

In the definitions adopted by the Chicago congress and in all 
the legal definitions adopted in the various countries the ohm 
and the ampere were the two units defined ind@pendently, the 
volt being defined in terms of the ohm and ampcre. In the 
United States, France, and Canada the volt was also defined 
in terms of the e.m.f. of the Clark cell, qualified, however, in 
each case by the phrase “15 practically equivalent to ” (U. S.) 
or ‘‘ is represented sufficiently well for practical use by " (France 
and Canada). In the Order in Council of August 28, 1804, 
which established the legal definitions of the electrical units for 
Great Britain, however, the double definition of the volt is 
given without such qualifying phrase. 
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DIVERGENCIES IN THE DEFINITIONS OF THE UNITS 


In all countries, therefore, except Germany, the first defini- 
tion of the ampere is that it is one-tenth of the c.g.s. unit in the 
electromagnetic system, the value of which is determined by 
measurements with an absolute current balance or electro- 
dynamometer. Precision measurements with such instruments 
are very difficult, and until recently have not been made with 
sufficient accuracy to fix with certainty the fourth decimal 
figure in the value of the standard cell. The second definition 
of the ampere, in terms of the mass of silver deposited per second 
in a silver voltameter, has not been employed in practice to : 
any extent for the reason that different observers obtained 
different quantities of silver, according to the details of the 
mcthod followed in carrying out the work. А voltameter in 
which filter paper was employed almost invariably gave an 
appreciably heavier deposit than one using a porous cup be- 
tween the anode and cathode, and yet no satisfactory reason 
could be given for such excess of weight of the silver deposited. 
Whether the deposit was too heavy with the filter paper or too 
light without it was not definitely known; recent investigations 
at the Bureau of Standards, however, have shown that the filter 
paper causes chemical changes in the electrolyte which give rise 
to ап excessive deposit of silver. Тһе official specifications of 
most countries required the use of filter paper. 


PASSING FROM THE CLARK TO THE WESTON CELL 


Because of the impracticability of fixing the ampere from 
time to time by absolute measurements, and because the silver 
voltameter was not as satisfactory or reliable as it was expected 
to be, the practice in all countries (including Germany, where the 
value of the Clark cell was not stated in the law) has been to fix 
the volt by reference to standard cells, and also, because of its 
great convenience, to mcasure current in terms of standard re- 
sistances and standards of electromotive force. Іп most coun- 
tries the electromotive force of the Clark cell was taken as 
1.434 at 15 deg. cent., but in Germany and some other countries 
it was taken as 1.4328 volts. However, standard cells were not 
as rcliable ten years ago as they are at the present time. Ап 
enormous amount of work has been done since the Chicago Con- 
gress, particularly in recent years, at the national standardizing 
institutions of England, Germany, France and America. This 
work has shown that the Weston cell possesses some advantages 
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over the Clark cell, and at the London International Electrical 
Congress of 1908 the Weston cell was officially adopted in place 
of the Clark cell as the standard of electromotive force. In the 
improvement of the Clark and Weston cells, which took place 
in the course of the fifteen years between the Chicago and London 
congresses, largely through the improved methods of preparing 
the mercurous sulphate, the clectromotive force of both cells 
changed slightly. At the Bureau of Standards an attempt 
was made to maintain the volt as nearly constant as possible, 
and the newer cells therefore had to be given a shghtly dif- 
ferent value from the old ones. Hence arose a slight discrepancy 
between the values employed in the United States and in Great 
Britain and some othcr countries, though not as great as the 
difference between Germany and Austria on the one hand and 
America, Great Britain, and France, etc., on the other. These 
differences were not large enough to be important from a сот- 
mercial point of view, but they were appreciable in precision 
measurements, and were more or less embarrassing when certain 
kinds of electrical instruments made in one country were uscd 
in another. Even in the comparison of photomctric standards 
between the national laboratories of Germany, England, France, 
and America careful allowance had to be made for the dif- 
ferences in the volt, and hence of the ampere in the three coun- 
tries, in order to insure the same current passing through the 
standard lamps when measured іп the several countries. 

An international electrical conference was held in connection 
with the St. Louis Exposition in 1904, at which the desirability 
of securing international uniformity in electrical units and stand- 
ards was emphasized. A preliminary conference, called by the 
Physikalisch-Technische Reichsanstalt for the purpose of dis- 
cussing the matters to be brought before a subsequent electrical 
congress, was held in Berlin in October, 1905, and, in accordance 
with an understanding reached at Berlin, a formal international 
conference, called by Great Britain, was held in London in 1908. 
At this latter conference new definitions were adopted, in which a 
distinction was made between the ойт and the international ohm, 
and so for the other units. That is, the ohm 15 10% c.g.s. units of 
resistance, whereas the international ohm is the resistance of a 
specified column of mercury. Following are the definitions, 
adopted by the London Conference, of the four fundamental 
electrical units. | 
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DEFINITIONS OF THE FUNDAMENTAL ELECTRICAL UNITS BY THE 
LONDON CONFERENCE 


These fundamental units are: 


1. The Ohm, the unit of electric resistance, which has the 
value of 1 000 000 000 (10°) in terms of the centimeter and the 
second; 

2. The Ampere, the unit of electric current, which has the 
value of one-tenth (0.1) in terms of the centimeter, gram, and 
second; 

3. The Volt, the unit of electromotive force, which has the 
value of 100 000 000 (105) in terms of the centimeter, gram, 
and second; 

4. The Watt, the unit of power, which has the value 10 000 000 
(107) in terms of the centimeter, the gram, and the second. 

As a system of units representing the above and sufficiently 
near for the purpose of electrical measurements, and as a basis 
for legislation, the conference recommended the adoption of the 
international ohm, the international ampere, the international 
volt, and the international watt, defined as follows: 

1. The International Ohm is the resistance offered to any un- 
varying electric current by a column of mercury at the tem- 
perature of melting ice, 14.4521 grams in mass, of a constant 
cross-sectional area and of a length of 106.300 centimcters. 

2. The International Атрете is the unvarying electric current 
which, when passed through a solution of nitrate of silver in 
water, deposits silver at the rate of 0.00111800 of a gram per 
second. 

3. The International Volt is the electrical pressure which, when 
steadily applied to a conductor the resistance of which is one 
international ohm will produce a current of one international 
ampere. 

4. The International Watt is the energy expended per second 
by an unvarying electric current of one international ampere 
under an electric pressure of one international volt. 

The details of the procedure for realizing the international 
ohm from the resistance of the specified column of mercury 
and of realizing the international ampere from the silver volt- 
ameter were given in accompanying specifications, except that 
the specifications for the silver voltameter formulated at the 
London Conference were very inadequate. The reason for 
this was that the experience of those who had done most work 
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in recent years with the silver voltameter was so diverse that 
agreement could not be reached as to the best procedure. It 
was illogical to specify the precise amount of silver deposited by 
an ampere before the specifications were agreed upon, as it 
was possible that when the voltameter was better understood 
and the best procedure was determined that the number chosen 
would be found not to be as nearly correct as 15 desirable. But 
a majority of the delegates felt that the change would be slight 
at the most and preferred to specify the round number 
(0.00111800 gram per second) that had been previously used 
rather than some odd figure that might be more exact. 

Having chosen the old figures to express the value of the 
international ohm and the international ampere, it remained to 
fix the specifications of the Weston normal cell and to adopt a 
value for the electromotive force in terms of the international 
volt, so that it should be consistent with the values of the two 
primary units. Data at hand did not enable the conference 
to fix this value with certainty to within one part in 10 000, 
and hence it adopted as provisional only the number 1.0184 
international volts as the valuc of the electromotive force at 
20 deg. cent. of the Weston normal cell. 


THE INTERNATIONAL COMMITTEE ON ELECTRICAL UNITS AND 
STANDARDS 


In order that the specifications of the silver voltameter might 
be completed as speedily as possible and a more accurate value 
determined for the Weston normal cell, the conference appointed 
an International Committee on Electrical Units and Standards 
which was authorized to take up this work and also to complete 
the work of the conference in any other particulars that seemed 
necessary. It was also authorized to encourage coóperative 
investigations among the several national standardizing in- 
stitutions, and to secure frequent comparisons of the electrical 
standards of different countries in order to insure international 
uniformity in electrical measurements. "This committee repre- 
sents eleven different countries, there being two members each 
from America, England, France, and Germany, and one mem- 
ber each from Austria, Italy, Russia, Switzerland, Holland, 
Belgium and Japan. Тһе president of the committee is Pro- 
fessor Dr. E. Warburg, president of the Physikalisch- Technische 
Reichsanstalt, Berlin; vice-president, Dr. R. T. Glazebrook, 
director of the National Physical Laboratory, London; treasurer, 
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Professor S. W. Stratton, director of the Bureau of Standards, 
Washington; secretary, Professor E. B. Rosa, chief physicist 
of the Bureau of Standards, Washington. The other eleven 
members of the committee are as follows: Dr. Osuke Asano, 
Department of Communications, Tokyo, Japan; M. Rene 
Benoit, Bureau International, Sevres, France; Dr. N. Egoroff, 
director, General Chamber of Weights and Mceasures, St. 
Petersburg, Russia; Professor Eric Gerard, Licge, Belgium; 
Professor H. Haga, Groningen, Holland; Dr. Ludwig Kusminsky, 
Commission of Weights and Measures, Vienna, Austria-Hungary, 
Dr. Stephen Lindeck, Physikalisch-Technische Reichsanstalt, 
Berlin, Germany; Professor Gabricl Lippmann, The Sorbonne, 
Paris; Professor Antonio Roiti, Florence, Italy; Mr. A. P. 
Trotter, Electrical Standards Laboratory, Whitchall, London; 
Professor H. F. Weber, Zurich, Switzerland. 

In addition to the fifteen members appointed by the Inter- 
national Electrical Conference, the committee was authorized 
to elect associate members to assist in carrying on its work, and 
at its first meeting in London, following the conference, five 
associate members were elected as follows: Professor W. Jaeger, 
of Berlin; Mr. F. E. Smith, of London; Professor Paul Janet, 
of Paris; Professor H. S. Carhart, of Ann Arbor, Mich., and 
Пт. Е. A. Wolff, of the Bureau of Standards, Washington. ` 


AN INTERNATIONAL INVESTIGATION 


It was impossible to select a new value of the Weston normal 
cell in terms of the ohm and the ampere until the latter should 
be more precisely defined than had been done by the London 
Conference. Correspondence among the members of the com- 
mittee who were connected with national standardizing insti- 
tutions seemed to indicate that it would be impossible to agree 
upon the specifications of the silver voltameter without further 
investigation. It was therefore proposed that a joint investiga- 
tion to clear up, as far as possible, outstanding problems on the 
standard cell and the silver voltameter be arranged with repre- 
sentatives of several of the national standardizing laboratories 
as participants, and the Bureau of Standards offered its labora- 
tory facilities for the proposed investigation. As there were 
no funds available to pay the personal expenses of the delegates, 
the treasurer of the International Committee on Electrical 
Units and Standards undertook to secure the funds. In this 
connection he received valuable assistance from Mr. John W. 
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Lieb, Jr., who placed the matter before the governing bodies of 
the American Institute of Electrical Engineers, the National 
Electric Light Association, the Association of Edison Illuminating 
Companies, and the Illuminating Enginecring Society. These 
four societies generously made appropriations of $500 each to 
defray the personal expenses of the three European delegates. 

It was arranged that the proposed investigation should be 
carried out at the Bureau of Standards by representatives of 
that institution, together with one delegate from the Physi- 
kalisch-Technische Reichsanstalt, Berlin, one from the National 
Physical Laboratory, London, and one from the Laboratoire 
Central d’Electricite, Paris, The European delegates as ap- 
pointed by the directors of the three above-named institutions, 
were Professor W. Jacger, Professor F. E. Smith, and Professor 
F. Laporte. The representatives of the Bureau of Standards 
were Dr. E. B. Rosa and Dr. F. A. Wolff. 

In addition to the work on standard cells and the silver volt- 
ameter, a comparison was made of the resistance standards of 
the several national standardizing institutions which showed 
a very close agreement. 


THE Мем VALUE OF THE WESTON NORMAL CELL 


The first result of this international coóperative investigation, 
was to show that the electromotive force of the Weston normal 
cell derived from the international ohm and the international 
ampere according to the resolutions of the London Conference is 
within one part in 10 000, 


E —1.01830 international volts at 20 deg. cent. 
The members of the special technical committee unanimously 
recommended that this value! be adopted, without waiting for 
all the details of the official specifications to be worked out, in- 


1. The number was written 1.0183, suppressing the zero in the fifth 
decimal place. In the numerical values of the ohm and ampere, adopted 
at London, the numbers were written 106.300 апа 0.00111800, the two 
zeros in each case being added to avoid any ambiguity; that is, to show 
that the numbers are assumed exact and not simply approximate. Inthe 
value of the electromotive force of the Weston cell it was first ascertained 
by experiment that the number consistent with the formal definition was 
(within one part in 10000) 1.0183 international volts. It was then agreed 
to use this round value as the exact value of the Weston normal cell at 
20 deg. cent. Hence since this is to be the exact value for the present at 
least, and since we must use five decimal places to express the values of all 
cells differing by one or more parts in a hundred thousand, it seems better 
to use consistently five decimal places in the formal definitions. | 
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asmuch as experiments showed that the effect of any out- 
standing differences as to procedure probably could not change 
the mass of silver deposited enough to affect the last figure in 
the above number. Accordingly a proposal was submitted to 
all the members of the International Committce that the various 
governments represented on the committee be asked to adopt 
officially this new value for the Weston normal cell on January 
1, 1911. The vote on this proposal having been favorable, 
the Bureau of Standards will adopt the new valuc on that date. 
The formula for the temperature coefficient of the Weston 
normal cell.adopted by the London Conference, based on the 
investigations of the Bureau of Standards, is as follows: 


Е = Es — 0.0000406 (/ — 20 deg.) — 0.00000095 (1 — 20): 
4-0.000000001 (t — 20)? 


VALUES HERETOFORE IN Usk 
The following values for the Weston normal cell have been 
in use up to the present time in the various countries: 
In the United States 1.0189 international volts at 25 deg. 


cquivalent to 1.019126 A Қ» wg. oM 
In Germany 1.0186 i Wo co Ж. 
In Great Britain? 1.0184 ы кы Ж. 


As а consequence of the different values used for the Weston 
cell, both the volt and the ampere as used in the various coun- 
tries have been slightly different, for precise measurements of 
electric current have nearly always been by means of standard 
resistances and standard cells. The watt has differed twice as 
much as the volt or ampere.2 Under the new arrangement these 
units will be precisely the same in the different countries. 


2. Great Britain used a value sbyghtly larger than that in the United 
States until January 1, 1909, when the provisional value (1.0184) adopted 
by the London Conference was adopted provisionally by the National 
Physical Laboratory. 

3. As an illustration of the practical importance ot small differences in 
electrical units, the following incident which occurred recently is of in- 
terest, Some precision alternating-current wattmeters were ordered from 
а German manufacturer by an American customer, and their accuracy 
was guaranteed. Тһе manufacturer neglected to take account of the 
small difference between the '' international volt " of America and the 
“international volt " of Germany. One of the instruments оп test 
showed a slightly greater error than allowed :n the contract and was 
rejected. If the volt had been the same in the two countries, the instru- 
ment would have been within the guaranteed precision. 
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THE MAINTENANCE OF THE NEW VALUE 


The Weston normal cell has been steadily improved until 
now its value as set up by different observers, following the 
same specifications, is uniform to within a few thousandths of 
1 percent. The mean values of the standard cells of the national 
laboratories of Great Britain, Germany, France, and the United 
States when compared at various times in recent years have 
agreed to within a few parts in 100 000. Cells set up from 
time to time in the laboratories of the Bureau of Standards ac- 
cording to standard specifications attain a uniform value within a 
month to within one part in 100 000 on the average, and al- 
though the values decrease slightly with age this decrease 
does not exceed one in 100,000 during the first vear thereafter. 
The value of the international volt may therefore be derived 
to within 2 parts in 100,000 from cells set up according to stand- 
ard specifications, which cells are not less than one month nor 
more than one year old. While the value of the standard cell 
is derived from the standards of resistance and the silver volt- 
ameter, and is supposed to be checked in the same way from time 
to time, we know that Weston normal cells are so uniform and so 
reliable that they will require such checks very infrequently 
indeed, and the probability is that the uncertainty of the silver 
voltameter is greater than that of the cells. We mav therefore 
expect that the mean value of the international volt as main- 
tained by the joint efforts of several national laboratories will 
be constant in future to within one or two parts in a hundred 
thousand, although its absolute value is known with certainty 
only to the fourth decimal place.* There is no likelihood. of 


another change being necessarv in the international volt, or of 
any change being necessary in the international ohm. Аз the 
precision of absolute measurements increases we may find with 
high accuracy the numerical value of the difference between the 
volt and the international volt, and between the ohm and the 
international ohm, ete., and such differences would be applied 
às corrections to convert voltage, current, or power in interna- 
tional units to absolute measure, but there should be no пс- 


—— — - 


4. The number 1.01830 international volts is the value to be assigned to 
the mean of the groups of standard cells maintained by several national 
standardizing laboratories. If the mean of those belonging to any 
particular country is less than the mean of all by one part in. 100000 the 
value for that group mean will be 1.01829, whereas the various cells of 
the group may vary perhaps between 1.01828 and 1.01330. 
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cessity for making further changes in the values of the inter- 
national units. For the first time we have a basis for securing 
international uniformity both in the definitions and іп the 
specifications, and also means for keeping the standard of the 
different countries in agreement. 


RESULTS OF THE CHANGE IN THE VOLT 


Weston portable unsaturated cells, as supplied by the Weston 
Electrical Instrument Company, as well as the saturated Weston 
normal cells, will require a correction of 8 units in the fourth 
decimal place (or 85 in the fifth decimal place) to reduce to the 
new basis. Thus a cell having an electromotive force of 1.0192 
becomes 1.01835 on the new basis. Since a given voltage 1s 
expressed by a smaller number, the new unit 15 larger than the old. 
In the same way a current expressed as 1.0000 ampere on the old 
basis is 0.9992 ampere on the new. The watt is altcred twice as 
much as the ampere and volt; that 1$, 0.16 per cent, 50 watts 
on the old basis being 49.92 watts on the new. А 16-candle 
power lamp burning at 3.05 watts per candle on the old basis 
takes 48.80 watts. Оп the new basis the same current will be 
rated as furnishing 48.72 watts, and the lamp taking therefore 
3.045 watts per candle. The difference here is of course in- 
significant. 

A lamp giving 16 candles at 110.0 volts will on the new basis of 
voltage measurement give 16 candles at 109.9 volts (or 109.91 
volts more exactly). If, however, the voltage be made 110.0 on 
the new basis the slight increase of current will make the lamp 
give about 16.08 candles. 

Potentiometers like the standard five-dial form of Leeds & 
Northrup, in which the resistance in the standard cell circuit 1s 
adjusted to a particular value of the standard cell, will require 
a slight change in the resistance to adapt them to measure po- 
tential differences with the new value of the standard cell. 
Potentiometers in which the dials are reset to the value of the 
electromotive force of the standard cell when balancing on the 
cell will of course require no change. * One style of volt box will 
for the same reason require a change. Potentiometers with a 
dial adapting them to cells ranging from 1.0190 to 1.0200 volts 
may easily be changed so as to suit cells ranging from 1.0180 
to 1.0190 volts. 

Weston portable cells are similar in construction to the Weston 
normal cells as officially defined, except that instead of having 
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cadmium sulphate crystals present in excess, the solution of 
cadmium sulphate is saturated at approximately 4 deg. cent. 
and hence is unsaturated at all higher temperatures. This 
cell has a much smaller temperature coefficient than the satu- 
rated cell, and for most electrical measurements the change 
with tempcrature may be neglected. The nearly zero tem- 
perature coefficient results from the fact that the temperature 
coefficient of each leg of the cell is nearly equal and of opposite 
sign, whereas in the saturated cell the temperature coefficients 
of the two legs do not so nearly balance each other. If the tem- 
perature of the two legs of the cell is not the same, there will of 
course be a change in the electromotive force of the unsaturated 
cells. Тһе unsaturated cells are not so nearly uniform in elcc- 
tromotive force as the saturated cells. Thus of 145 unsaturated 
Weston cells tested by the bureau in seven years (38 were retests 
of cells previously tested) the values of the electromotive force 
have been as follows: 


For 3 cells Е-1.0190 volts 

2. 4 = 1.0191 “ 

Ж. = 1.0192 “ 

8“ = 1.0193 © 

25 © =1.0194 “ 

24 “ = 1.0195 “ 

33 “ = 1.0196 “ 

25 “ = 1.0197 “ 

13 * = 1.0198 “© 

D. ox = 1.0199 “ 

Total 145 “ Mean =1.0195, “ 


On the new basis this is 1.0186, “ 


The electromotive force of these cells generally decreases 
slightly with age. To illustrate, the Bureau of Standards has 
15 of these cells in use in its laboratorics which have on the 
average decreased only one ten-thousandth of a volt in the 
last four years, the change in the various cells being from nothing 
to three ten-thousandths of a volt. Тһе mean clectromotive 
force of the 15 cells, which are from 5 to 8 years old, is 1.0192 volts 
the range being from 1.0190 to 1.0195 volts. 

The same cells have been sold by the German Weston Com- 
pany for many years under the name “ Weston Normal Ele- 
mente." This is, however, not what is now known officially as 
the Weston normal cell, which is the saturated cell. 
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For a time after January 1, 1911, certificates issued by the 
Bureau of Standards for tests affected by this change will state 
the values in the new unit and give also as a supplemental state- 
ment the value in the old unit. 

Congress will be asked to repeal the act of July 12, 1894, and 
to redefine the fundamental electrical units in accordance with 
the resolutions of the London Conference. In the meantime, 
however, the Bureau is free to adopt the new value of the 
Weston normal cell, for in so doing it is not violating the present 
law. This law defines the volt as the electromotive force which 
will cause an ampere to flow through an ohm, and then gives 
the approximate value in terms of the electromotive force of a 
Clark cell as made in 1893. In adopting the new value of the 
Weston normal cell we are conforming as closely as possible to 
the present legal definition of the volt, necessarily ignoring the 
old approximate value of a cell now superseded as a standard. 


S. W. STRATTON, 
Director. 
Approved: 
BENJ. 5. CABLE, 
Acting Secretary. ` 
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DISCUSSION ON “ TESTING STEAM TURBINES AND STEAM TURBO- 
GENERATORS ”, New York, DECEMBER 9, 1910. (SEE 
PROCEEDINGS FOR DECEMBER, 1910.) 


(Subject to final revision for the Transactions.) 


Gano Dunn: Although it recognizes in full the necessity of 
manufacturing tests, the paper deals principally with over- 
all efficiency tests largely as acceptance tests. Before ac- 
ceptance tests come to be necessary—in fact before the manu- 
facturer can know what he тау guarantce—there must be an 
enormous amount of detail testing and of research testing, both 
of the generator and of the turbine. 

The latter tests, from an enginecring and certainly from a 
scientific point of view, are more important than acceptance 
tests, and I had hoped to see in the paper more data on the 
segregated tests of the generator itself and of the turbine itself. 

In respect to innumerable details, the design of the generator 
is essentially a result of what previous designs have done and 
in a piece of machinery of high speed and difficult arrangement 
of parts such as a turbo-gencrator, tests are more necessary than 
in апу other kind of similar electrical apparatus, because so large 
a part of the design is empirical. 

This is also true of the steam end of the combined unit and 
as I вес Mr. Emmet here and remember conversations with him 
on steam tests, I feel that as the American Institute of Elec- 
trical Engineers, we are more interested in the research portions 
of the tests on steam turbines and on turbo-gencrators, than 
in the commercial portions. 

When speeds are pushed bevond limits with which we are 
familiar, we reach a point where a further increased speed 1s no 
longer mercly quantitatively different from the specd we have 
been using; a qualitative change takes place in our conditions 
and it is no longer safe to exterpolate. 

It is found, for instance, when retardation tests are made 
on turbo-generators, that the losses from vibration, windaye 
and eddies after certain critical values, do not follow the laws of 
variation that they follow below these critical values and some 
of them are quite erratic in the way their rate of variation 15 
related to the variation of speed. 

Since in turbo gencrators these losses are proportionately 
much larger than in ordinary generators, and since in dealing 
with them we are, so to speak, in a strange country, we are par- 
ticularly in need of research tests. 

To cite an instance, the designer of an ordinary generator 
provides for windage to cool the parts of his machine and he 
busics himself with considering only how much air will be thrown. 

The designer of a turbo-generator finds such an enormous 
increase in the power consumed by windage that the air itself is 
increased in temperature, so he has to consider, not onlv how 
much will be thrown, but how much it will be heated in the course 
of throwing. 
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The increase of its tempcrature is so dependent upon the 
shapes of passages and the volume of chambers in the interior of 
the machine, that prediction of this increase is practically 1m- 
possible at present. 

In respect to balance, it is well known that below the first 
critical speed, if a turbo-generator is run in flexible bearings and a 
piece of chalk is made to approach the revolving periphery, it 
wil first hit and make a mark on that side of the revolving 
mass which is the heavier, and to secure a proper balance a 
balancing weight must be put opposite the chalk mark. 

It is also well known that above the first critical speed when 
the apparatus may be regarded as ceasing to revolve around its 
axis of figure and is gvrating around its axis of gravity, thc 
place where the piece of chalk will hit will theoretically be ro- 
tated 180 degrees from the first place. 

Under these conditions the balancing weight must be put at 
the chalk mark. 

In the range of speeds between the limits I have mentioned 
the balancing weight must be put somewhere between a point 
180 degrees removed from the chalk mark and the chalk mark 
itself. 

It looks as if the working out of a law of these mass vibrations, 
was simplc,-but the flexible bearings in which the rotation must 
occur, impose complicated conditions, and the beautiful 
formulas of the ordinary laws of forced vibrations do not seem 
to hold. 

In the works of a celebrated European company, distinguished 
for the success of, among other things, its turbo generators, the 
study of balance has been thoroughly pursued, and incidentally 
I might mention every turbo-generator, 15 balanced by a member 
of the Board of Directors. 

This member of the Board said to me that he had worked 
out a formula which indicated that the position of the chalk 
mark lagged behind the position of the heaviest region somewhat 
in the way current lags behind electromotive force іп an alter- 
nating circuit. This formula guided him in the calculation of 
the amount of this lag and the position of balancing weights 
and enabled him to secure the beautiful balances which charac- 
terize the apparatus of his companv. 

Tests and research work on questions like these are greatly 
necded. 

Where a manufacturing company builds both the steam tur- 
bine and the turbo-generator its responsibility 1s of course, based 
upon the ratio of the electrical energy developed to the steam 
consumed and segregated tests of the generator and of the 
turbine are not essential for acceptance tests, but a number of 
companies make steam turbines only and other companies make 
turbo-gencrators only. 

Here segregated tests are necessary to determine cach manu- 
facturer's share of the over-all responsibility. 
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The principal value of the segregated tests are in the reaction 
upon design of the laws and constants the testing discovers, 
and when we realize how qualitativelv different many of the 
phenomena in turbo-generators are from similar phenomena 
in ordinary generators, we realize the particular need of re- 
search tests in the turbo class of dvnamo electric machinery. 

I hope much will be brought out in the discussion on the sub- 
jects of eddy current losses, windage losses, mechanical losses 
due to vibration, and the practise of balancing, all of which are so 
different under the high speeds of turbo-generators that they fall 
outside of ordinary experience and the mass of data that has 
been collected from 1. 

W. L. В. Emmet: One matter which Mr. Dunn has brought 
out relates to the relative value of the test of the part and of the 
whole—that is, he suggests, as I understand, a separate study 
of the generator and of the turbine. 

This is very desirable, but in the case of turbine and turbo- 
generator units it is extremely difficult; and the only thing 
‚ which сап be really thoroughly investigated as a rule, is the net 
result. | 

The turbines should be sold оп а basis of net result, and the 
net results should be really the test of the ability of the engineer 
who has made them, and the value of the apparatus. The 
reason for this difficulty is that the generator is a very high- 
speed piece of apparatus requiring a large amount of power, 
and cannot well be run by anything but the turbine which drives 
it. If this generator could be thoroughly investigated and 
evaluated on its own merits, it would be highly desirable; because 
there are many unknown and obscure conditions in these gen- 
erators which pass muster as parts of a satisfactory general result. 

We have tried very hard to investigate the generator alone, 
and there is one method of so doing which I believe was first 
carried out in our works, and which has a good deal of value. 
It is what I call the “ deceleration "* method of testing. This 
consists in bringing the generator—by any means, as a motor 
or otherwise—to a speed in excess of that at which it is to be 
operated, and then allowing it to decelerate, noting the rates of 
deceleration and from these rates, with a carefully calculated 
moment of inertia, determining the amount of power exerted 
at any particular instant. 

By so operating a generator, the power required to drive the 
machine at any instant in.the process can be determined, and 
the process may be repeated with different degrees of excitation 
and other possible variations. 

I use the word “ deceleration ” as it is part of the language 
spoken in Schenectady. I do not think there is such a word in 
the dictionary, in reality, but you will probably all understand 
what I mean. 


3 


*For a criticism of the word ‘‘deceleration’’ see communication by 
C. O. Mailloux on page 44 of these PROCEEDINGS. 
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It 1s extremely important, no matter what methods of in- 
vestigation are used on the generator, to take nothing for 
granted in the matter of gencrator efficiency in a high speed 
unit. That is, if somebody guarantees a certain result on a 
turbine gener rator shaft, and givesa list of losses, such statement 
should be accepted with great caution. The losses in high speed 
gencrators are very much greater in many cases than are gen- 
erally supposed. 

The windage losses are extremely large and very variable, and 
they vary greatly owing to the way the air passes through the 
machine, much power is concentrated in a small space, and there 
are various losses incident to leakage fluxes, and eddy currents, 
which often do not occur in other kinds of apparatus. There are 
also very large load losses; that is, I mean losses caused by the 
existence of large currents in the conductors which cause unequal 
distribution of flux in the neighborhood of the slots, and conse- 
quent eddy currents in the iron and somctimes in the field 
windings. 

All of these conditions make it desirable to test the unit as a 
whole, and in fairness to manufacturers this testing the unit as a 
whole should be made justly and carefully, and I think Mr. 
Dickinson’s and Mr. Robinson’s рарег gives a fairly complete 
list of the precautions to be observed. 

There is one matter I want to mention which is only slightly 
alluded to in this paper and which I think 15 of a great deal of 
interest, and that is the steam meter. We have been using steam 
meters in all of our turbine tests for a long time past, and at the 
same time have been weighing the condensed watcr. We have 
checked results within two per cent т practically every case, and 
in all cases where the conditions were accurate and uniform and 
well understood, it was generally within one-half of one per cent. 

A steam meter is a very valuable piece of apparatus and 
those who have used it will depend upon it and use it morc. 
In any test it mav give valuable indication which will prevent 
error; for if not trusted as a source of information, it will at 
least give а gauge оп relative proportion of values. 

Very often in steam tests there аге obscure sources of error. 
In one case in the testing of a turbine near Boston, a radically 
wrong result was obtained—or it seemed entirely wrong, and 
I observed that the slope of the load curve was such as to indicate 
leakage. They tested the condenser and found no leakage; 
with a high degree of vacuum on the condenser, it was found, 
however, that when the steam blew into the condenser in con- 
sidcrable quantities it leaked badly as the pressure and the heat 
of the steam caused certain tubes which were split to open, so 
that circulating water came out and was added to the condensa- 
tion which was being measured. 

Francis Hodgkinson: In reading the portion of this paper 
covering tests on the steam ends of turbine units, I fail to see 
anything brought out in the way of necessary precautions to be 
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taken, which are not well known, and are practiced by апу self- 
respecting station engineer, undertaking the work of conducting a 
test. Doubtlessly, no precaution that leads to accuracy is too 
trivial to be neglected. 

In the case of tests where the condensate 15 weighed, it is not 
difficult to obtain dependable results. Тһе leakage of the con- 
denser must be carefullv watched, however, and sometimes 
as Mr. Emmet has remarked, peculiar leakages from split tubes 
may develop, which exist when the plant is in operation, but 
curiously sometimes, do not show themselves during an ordinary 
condenser leakage test. | 

In the case of tests where a jet condenser is used, or a non- 
condensing turbine is installed the only means available, of 
determining the steam consumption, is to measure the feed water. 
The difficulties are much greater, rendering it necessary to tear 
down feed pipes, steam lines, blow-offs, etc., to insert blank 
flanges. This frequently causes a disorganization of. the whole 
plant, but it is nevertheless a necessity if the test is to be de- 
pendable. Nothing should be taken for granted. Every con- 
nection should be investigated. In the event of contemplated 
tests, the builder who demands these precautions for the sake of 
accuracy, is likely to find himself rather unpopular. 

One point which we think might have added considerably to 
this paper, would have been to set forth an opinion as to the 
proper duration of tests. In the case of weighing the condensate 
true results may be obtained with a test of one hour after con- 
ditions have settled down. Nevertheless, in the case of a formal 
acceptance test, two or three hours at least, would generally be 
emploved, and it will usually be found that one hour closely 
agrees with another. In the case of weighing the feed water, 
the test should certainly be for not less than cight or ten hours, at 
any one load. This, of course, is made necessary by the difti- 
culty in determining the height of the water in the boiler. We 
all know that on blowing down the gauge before making an 
observation as to the height of the water, you will find the level 
will go up, due to the difference in temperature between the water 
in the glass, and that in the boiler, and there are other things 
which will vary the height of water in the boiler, by changing 
the rate of firing. 

Some reference is made in the paper to what is called a heat 
balance test, measuring the quantity of cooling water supplied 
to the condenser, and noting the rise in temperature of the 
same. I do not think anybody would look upon this as a re- 
hable means of determining the steam consumption of a unit, 
because such a small error in the temperature of the water would 
influence, so greatly, the amounts of steam calculated there- 
from. There is, however, a possibility, with extreme precau- 
tion and using condensers which cause a high thermal rise of the 
condensing water, to derive fairly satisfactory results in a test 
of this nature. 
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One of the most important things which I find in the con- 
ducting of turbine tests, is the proper reading of the vacuum. 
One not infrequently finds mercury columns located some 
distance from the chamber where the vacua is being observed. 
These are sometimes connected by a small pipe, perhaps con- 
taining loops, which together with capillary action, will seri- 
ously interfere with the reading of the mercury column. The 
mercury column should be connected with as short a pipe as 
possible, and of sufficient size to absolutely preclude any capil- 
larity. These same precautions, of course, apply also, to 
reading the lower steam pressures within the turbine, which ap- 
proximate atmospheric pressure, or less, but do not necessarily 
hold for the high pressures. In the case of the mercury column, 
the barometer should prefcrably located alongside of it, so that 
the temperature correction will only apply to the inch or so 
difference between the barometer reading and the column read- 
ing, which may then be ignored. When great accuracy is de- 
manded, it is as well to have a quantity of the mercury weighed 
in a chemists laboratory, as I have known a higher vacuum 
reading to have been obtained by the amalgamation of the 
mercury with some tin, somewhat to the enhancement of the 
condenser performance. 

I do not feel competent to discuss that portion of the paper 
referring to the electrical instruments. In my experience in 
testing turbines in the builder’s works, I was very glad when I 
succeeded in devising a hydraulic brake, by means of which, 
the question of the electrical instruments was eliminated, to- 
gether with the delays required for the water rheostats and the 
like to become settled. By means of the brake, the load may 
be applied as quickly as desired, and all the refinements of ob- 
servation are to know the radius of the brake arm, measure the 
speed of the turbine, and the reaction of the brake arm on an 
ordinary weighing scale, none of which call for any particular 
skill. 

In all acceptance tests which are carried out in the pur- 
chaser’s plant, it 1$ necessary beforchand, for the builder to come 
to some agreement with the purchaser, as to what corrections 
shall be made for deviations from the contract conditions. 
The introduction of corrections 1$ as objectionable to the builder, 
as to the purchaser, and is the more embarrassing because the 
purchaser is more or less compelled to accept whatever cor- 
rections the builder insists are proper. Protest on the part of 
the purchaser may be met with the contention that the matter of 
corrections 1s entirely in his hands, and may be entirely elim- 
inated if he will but conduct the tests under the conditions 
recited in the contract. However, this is not as serious as might 
зеет. 

There should, generally speaking, be no necessity for making 
corrections on account of pressure. It should be easy for the 
purchaser to maintain the contract steam pressure, within five 
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‚ pounds either way, the effect of which deviation should prove 


negligible. 

Superheat and steam quality cannot be controlled, but this 
15 the only correction which need be determined beforehand, and 
there is but little diversity of opinion as to what the superheat 
correction should be. In steam quality, it is usual to allow 2 per 
cent for each 1 per cent of moisture, because of the friction 
caused by the presence of the water. 

In the case of the vacuum correction, however, this is a variable 
factor, depending entirely upon the inherent design of the turbine. 
Where the purchaser is unable to maintain the vacuum called 
for by the contract, I have always arranged to determine the 
vacuum corrections directly from the tests themselves, by run- 
ning a series of tests at different loads with the highest vacuum 
obtainable, and a set of similar tests at like loads with 1-in. or 2-in. 
lower vacuum. From these results, the proper vacuum cor- 
rections may be determined—these corrections, of course, being 
greater at the fractional loads. In all cases, a series of not less 
than three tests at different loads should be run under the same 
operating conditions, in order that the results may be plotted 
оп cross-section paper, when any discrepancy or disagreement will 
immediately become obvious, bearing in mind that the total 
steam consumption of any turbine, no matter what its design 
may be, follows a right-line law up to the point where any by- 
passing or changing of areas in the turbine is resorted to. The 
plotting of pressures to load, and to total steam, may be a means 
of discovering the cause of a discrepancy. 

W.L. Robb: In general I agrce with the methods of testing 
recommended in the paper. On a few points, however, my opin- 
ion is somewhat at variance with the authors’. I agree with 
them that the steam conditions during test should be as near as 
possible the conditions under which the turbine 1s normally to 
operate in service; but I would go one step further and have the 
generator loaded during test with a load of approximately the 
same power factor that will be met with in the normal operation 
of the plant. Such a load will be the one most casily obtained 
for the test under ordinary circumstances. А test with a load 
of unity power factor, when under ordinary operating conditions 
the power factor will be much less, does not give a purchaser the 
desired information. 

All instruments on whose readings the calculation of efficiency 
are finally based, should be calibrated before and after the test. 
My experience has not given me such confidence in series trans- 
formers that I would be willing to make any exception in their 
favor as recommended in the paper. 

Neither steam flow mcters or watt-hour meters should be 
used as a basis for the final calculation of the efficiencv of the 
set. It will be found convenient, however to have both instru- 
ments in service at the time of the test. Frequently some ir- 
regularity in operation or in conditions of test, will be indicated 
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more promptly by these instruments than from the periodic 
readings of the indicating wattmeters and the weights of steam. 
Much time may be saved in the test, from the prompt correction 
of troubles. At the completion of test, data will be available 
for determining the accuracy of the steam flow and watt-hour 
meters. 

There are a few points that have been impressed on me 
һу my own experiences in testing steam turbines that may pos- 
sibly be worth moentioning. 

The time to prepare for a test is before the turbo-generator and 
its auxiliary apparatus, including steam piping and switchboard 
are installed. 

А few extra valves of relatively small cost will greatlv facilitate 
blanking off the apparatus under test from the rest of the 
power house equipment, and no test 1$ worthv of the name if 
reliance is placed on all valves being tight. 

Little if any attention is usually given in switchboard design, 
to making provision for the introduction in the circuits of stand- 
ard series transformers or instruments, either for use in effi- 
ciency tests or in calibration of switchboard instruments. 
A slight and inexpensive change in the design of the discon- 
necting switches now commonly installed, would greatly facili- 
tate the use of standard instruments at times when thcir use is 
desirable. 

Measurements of fecd-water are unreliable as the quantity 
of water in the boiler is usually determined by the height of water 
in the gauge. Тһе height of water in the gauge is not only a 
function of the quantity or weight of water іп the boiler, but 
also of the temperature of the water and the rate and point from 
which the steam is taken from the drum. 

А turbo-generator should of course be tested at fractional and 
overloads, as well as at full load. А study of the efficiency at 
various loads will indicate whether the capacity of the turbine 
and generator have been properly proportioned. 

] have alwavs found it convenient during test to work up 
data as rapidly as possible, to enable one to plot the steam flow 
as a function of the kilowatt output, sclecting scales that would 
give approximatelv a fortv-five degree slope to the line. Any 
irregularities occurring during test, such as abnormal leakage 
in the condenser, will be apparent in irregularities іп the points 
on this line, and much time will be saved in removing the causes 
of these irregularities. 

I have always made it a practice to work out the results to 
be obtained from observations every fifteen minutes and to 
eliminate in the final calculation all observations taken before 
the results obtained for successive intervals became uniform. 
This has usually meant the elimination of the observations taken 
during the first hour, and sometimes during the first two hours. 
А run of one hour after the conditions have become constant, 
will give sufficient data for a calculation of the efficiency, pro- 
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vided a surface condenser is used. A much longer test would be 
required if the steam consumption was obtained from a mea- 
surement of the feed-water. 

When all possible precautions are taken, all instruments, both 
mechanical and electrical are calibrated, the steam supplied under 
approximately normal conditions, and the load on the generator 
has approximately the normal power factor, I believe that results 
can be obtained that are correct to within one per cent. 

Edwin D. Dreyfus: The subject of the evening’s paper 15 
not only an interesting but a timely one. It is a phase of engi- 
neering work on which a great deal may be said regarding 
actual experience obtained and expedients and methods em- 
ployed to vouchsafe very accurate and reliable results. 

It is to be remembered that there are now over 2000 steam tur- 
bines in operation in this country, which has permitted us to 
have acquired close and quite intimate familiarity with this 
type of prime mover, as well as to learn the best methods of 
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Fic. 1.—Efficiency test, 600-kw. turbine—120 Ib. steam pressure, 7 Ib. 
back pressure, 3 to 6 deg. fahr. superheat 


examing its characteristics. Consequently, I cannot accept 
the same pessimistic view as the authors, placing somewhat in 
‘question the ability of engineers in general to definitely and posi- 
tively determine within very small limits of error the true per- 
formance of a turbine and its component generator. 

While I fully subscribe ‘to the precautionary measures laid 
down by them, it seems to me their definitions have to the casual 
observer the complexion of being unduly apprehensive and are 
unsupported by any reassuring statements in this direction. 

I am able to present some evidence that I believe shows that 
tests should be no matter of uncertainty and that by exercising 
the usual care, remarkably consistent results may be obtained. 
= First of all, proper development in the turbine art requires 

that the designers and manufacturers of turbines carry out 
very complete tests in their own shops. For this purpose, special 
test floors are provided, and the surface condenser and hydraulic 
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dynamometer, involving simple formulae, are used. Obviously, 
some of the large turbines may be tested to only about one-half 
load on account of the heavy draft on the boiler plant of the 
works. 

Fig. 1 includes tests on a 600 kw. non-condensing turbine 
made independently on both the turbine and the generator 
by brake and separate loss methods respectively, and the results 
combined, and then assembled and tested as a unit. The first 
series was conducted in conformity with the usual practice at the 
builder’s works, and the second set were the over-all witness 
tests which had been specified by the purchaser. The check 
between the two is, of course, very gratifying, but it is just as 
should be expected with the necessary care and exper.ence. 

Witness tests for the U. 5. Government оп the two different 
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Fic. 2.—Test of 1000-kw. turbine, 3600 rev. рег min.—150 steam pres- 
sure, 100 deg. fahr. superheat, 28-1. vacuum. (30-in. barometer) 


machines of 1000 kw. capacity and of the same design, are shown 
in Fig. 2, for identical operating conditions. "These results arc, 
in every measure satisfactory (the normal variation being 
24 per cent) as it is to be remembered that they were 
run individually, and the small variation is only such as 
one would expect, for the dual reason—the probable slight dif- 
ference іп the construction of the two machines built from the 
same pattern, and small personal errors in observations. The 
foregoing tests were made with all special facilitics at hand in 
the shops. 

Coming to Fig. 3, we have an example of three 10,000-kw. 
turbines at the Brooklyn Rapid Transit Company, tested after 
erection by the owners. At full load, the maximum variation 
from the mean is somewhat less than 1 per cent, which shows 
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forcibly the degree of accuracy obtainable, bearing in mind 
that these three tests pertain to different machines. It also 
exhibits the uniformity of construction according to a given 
design that has been secured, which 1s undoubtedly more note- 
worthy than it would be for the reciprocating engine. One point 
in the test of Unit No. 7 (150 per cent load) departs appreciably 
from the values established in the other two machines. There 
is no plausible explanation for this discrepancy, but as it is the 
only appreciable deviation out of fifteen load tests, it should 
not be taken seriously. Moreover, these turbines naturally have 
quite a flat over-load characteristic, as the heavier loads are 
obtained by opening more nozzles on the high pressure wheel 
by means of a secondary valve, (by passing no active part of the 
turbine.) Mr. C. Е. Roehl, the Companv's electrical engineer, 
under whose supervision the tests were made, would I believe, 
be willing to make these data available to the Institute if re- 
quested. These particular 10,000-kw. turbines were the first 
of the double-flow design built in such capacities and are, there- 
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Fic. 3.—Test of 10,000-kw. turbines—corrected to 170 lb. steam pres- 
sure, 100 deg. fahr. superheat, 28-in. vacuum. (30-in. barometer) 


fore, operating at lower speeds than used in the latest practice. 
Higher speeds are, of course, beneficial to economy. 

The value of the Willans right Ппе law applving to turbines, 
has already been noted by a previous speaker, as well as the 
characteristic line of the throttling turbine іп which the inlet 
pressure varies directly with the load. These features prove 
very important in the absence of an * exploring device ” like 
the steam indicator for the reciprocating engine. By means 
of these virtues, the results for any given load which may not be 
satisfactorily maintained for operating reasons, may be con- 
veniently and accurately interpolated or extrapolated from the 
other available tests. 

It has been found in most of the throttling governed turbines 
that the total steam line continues rectilinear until the first 
stage inlet pressure reaches within 10 lb. of the throttle pressure, 
when the curve deflects slightly upward, on account of the 
secondary admission valve opening at this time. 

In the case of the Brooklyn Rapid Transit turbines above re- 
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ferred to, this occurred between 5 and 10 1b. It is to be under- 
stood, of course, that the same pressures, superheat and vacuum 
are maintained over the entire range of load. The value of the 
pressure characteristic is very well exemplified іп one instance 
where the horse power of a turbine was cahbrated against the 
first stage inlet pressure. This furnished a measurement of the 
power applied to marine reduction gear, and its efficiency was 
then obtained by determining the delivered work with a hvdrau- 
lic brake. 

Through some misunderstanding or oversight, a set of ob- 
servations may show fallacious results and this important 
nght line law immediately disproves them by their failure to 
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Fic. 4.—Approximate reduction in average steam consumption with 
varying degrees of superheat (average of 32 tests at practically the 
same vacuum —number of superheated steam tests indicated by 
figures on curve). 


rationalize with respect to others that prove themselves to be 
regular. Hence, there must be an clement of doubt in regard 
to a single load test, and it 1s consequently entitled to no es- 
pecial claims unless verified conclusively by several parallel 
tests in nowise connected with one another. Unfortunately 
such commendable practice is so frequently violated that we 
often find our engincering proceedings inflated with more or less 
doubtful information. 

A word may be said for the graphical recording instruments. 
While they are not very sensitive from a scientific standpoint, 
they establish a very valuable index of any change of events dur- 
ing atest. Andit might be possible, bv their use, to discover the 
reason for any discrepancy that may appear in the final plot. 
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An understanding must be had in regard to correction factors 
for reducing the observed values to contract or designed condi- 
tions as has already been discussed. Different constants for 
pressure correction are employed, but ordinarily this is a very 
small factor. One company uses about one-half of the theoreti- 
cal change, that is, one-half per cent for every 10 lb. For de- 
termining the variation due to changes in superheat, I recently 
went over the tests of a great many turbines of 500-kw. size 
selecting those which had been made under practically the same 
conditions, and found the curve of the nature shown in Fig. 4. 
Size should not influence the factor materially and the accepted 
correction of 1 per cent for 10 per cent variation is thus sub- 
stantiated for ranges of superheat which are now found war- 
ranted. Similar superheat determinations were published in the 
September 30, 1910 issue of the London Engineer, applying to 
a Brown-Curtis marine turbine and having the same drooping 
tendency. This characteristic is evidently natural as the delay 
of the “ dew point " in the turbine occurs in a less degree for 
equal increments of superheat 
in the higher than in the lower 
ranges, and consequently a point 
is eventually reached where the 
ultimate improvement  ceases 
because tne quality of the 
steam going into the exhaust 
represents a greater loss than 
the saving due to the reduction 
in internal friction. 

The authors rather broadly 
discount any value which may 
be given the indirect measure- 
44 ment; that is, appropriating the 

Fic. 5. -Weighing tanks condenser as a large calorimeter. 

| І have one test in mind par- 
ticularly, where this method had to be resorted to, and by exe- 
cuting the work with every possible degree of precision, it served 
the occasion admirably. There were several different interests 
concerned, and efforts were combined to ensure reasonably close 
results. The Venturi meter installed was accurately calibrated 
over the range required by discharging into rectangular tanks 
which were accessible for the purpose. The meter coefficient 
determined by the builders was completely verified. To avoid 
liability of error in observing temperature of the discharge 
water, two calibrated laboratory thermometers were placed at 
Virtually opposite points of the pipe and simultaneously read. 
Any variation throughout the body of water due to stratifying 
of the temperature, would have been noticed. These ther- 
mometers agreed as they were placed at the foot of a barometric 
tube which allowed time enough for the temperature to become 
evenly diffused. Furthermore, a recording thermometer was 
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moved back and forth across the hot well discharge. The entire 
results were well within 14 per cent correct. 

In surface condenser work weighing tanks and standard scales 
are the rule in official testing. At some plants large weighing 
scales may not be readily obtainable, and arrangements of tanks 
shown similar to those in Fig. 5 has been used with success. 
А snifting valve is provided at “С” allowing the ingress апа 
egress of air to and from the tank and which automatically 
closes when the tank is full, furnishing one signal to the operator 
to shift the levers. This, of course, represents only one of the 
tank arrangements that has proved a successful expedient. 

Wm. C. L. Еріп: There are two phases of this discussion to- 
night, namely, the acceptance test and the manufacturers test. I 
hold some difference of opinion from the views expressed in the 
early part of the evening regarding the acceptance test. I do 
not believe the acceptance test 15 of any value unless it is made in 
the manufacturer's plant. I think Mr. Hodgkinson brought 
that out when he said the agreement was between the purchaser's 
engineers and the manufacturers’ engineers. 

It 15 very difficult to make corrections 1n such a way as to be 
satisfactory to both sides; so a test should be made under the 
conditions which can be reliably obtained in the manufacturer's 
plant; and that limits the test to very small turbines. One of 
the greatest difficulties is obtaining unity power factor in plants. 
When the turbine gets above 10,000 kw., then running a test 
under full rated load becomes expensive and practically precludes 
that class of testing. 

There is another difficulty the owner is confronted with, 
and that is the difficulty of having trained observers. Іп 
the manufacturing plant there are a number of trained observers, 
and that is an advantage that is not touched upon in this paper. 

This paper secms to indicate that the most necessary thing 
is to have reliable instruments. Tn a large equipment it would 
be almost impracticable to install addiuonal instruments to the 
extent indicated by this paper: and from our standpoint, we 
would turn over the instruments and have сти checked in 
place before the test was made. We have found that accurate 
results could be obtained from the steam flow meter and it is 
of great value in checking the operation. 

For several reasons turbines have fallen off in efficiency, and 
by the use of the stcam flow meter, we can determine that within 
a day or two of the changes in conditions. 

The paper covers practically all the standard conditions of 
making a test; but from our standpoint we prefer a test covering 
a large period of time—of several days or а month—with our 
instruments checked by the regular operating force. 

C. O. Mailloux: I have designed plants where turbines have 
been used. I want to emphasize the point made by Mr. Dunn 
in regard to the advisability of segregation tests. I have had 
at least two experiences which indicated the desirability of it. 
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In 1906 I was a member of an expert Commission, consisting of 
three men, sent to Europe, for the purpose of making a general 
investigation of the entire subject of steam turbines and turbo- 
generators. In the course of our peregrinations through the 
various countries of Europe and through the various shops where 
turbines were made---that is, at least so far as we were admitted 
into them—we found a remarkable diversity of opinion as to the 
relative merits of the turbo and the dynamo part. It made a 
great deal of difference as to whether we were speaking to the 
designer of the turbine or the designer of the dvnamo. If we 
were speaking to the man who designed the turbine, the dynamo 
was blamed for all the trouble; and if we were speaking to the 
man who designed the dynamo, the turbine was blamed for all 
the trouble. The other instance where it was desirable to 
separate the losses in the turbine and the dvnamo, was a case 
where I purchased a turbine in Europe to be uscd in this country 
Бу aclient. The turbine was bought, subject to tests in Europe; 
and when it came here we repeated the tests. We found a wonder- 
ful discrepancy. It was hard to believe that the machine could 
have deteriorated so much in merely coming across the ocean. 
Yet it was difficult to put our finger on the leak, owing to the 
difficulty of making a test of such part of the machine by itself. 

I agree with Professor Robb in regard to the length of time 
necessary to make a test after steady conditions have been ob- 
tained. I have oft-times taken the results of a test running 
from four to eight hours, and cut it into portions of one, two and 
three hours, in order to see whether the result as calculated from 
a portion of the time would differ from the result calculated for 
the whole time under uniform conditions; and I think, as Pro- 
fessor Robb does, that a period of one hour under steadv con- 
ditions might be sufficient, particularly if you have proper 
means, as with a flow méter that is not open to various 
errors, and with them I think we could meake tests іп shorter 
time. In other мог‘, we could make them by comparing 
instrumecnuts—irput and output. 

A. Henry Pikler: The authors in their paper say: “ The use 
of vwatt-hour meters for this class of testing should be avoided 
Wherever possible.” 

The adoption of such a principle I am afraid would introduce 
prave errors in the results. The efficiency test of а turbo- 
generator unit is a duration test, therefore the time-integral 
of the output should be measured and not the rate of output. 
This is especially important because, as known from experience, 
no matter how careful arrangements are made, the load will 
fluctuate. It is true that the watt-hour meter is not as accurate 
an instrument as an indicating wattmeter, yet its error can be 
ascertained accurately. Furthermore, the errors due to fluctua- 
tions in the load are far greater than the error in the watt-hour 
meter. Both instruments, the indicating watt-meter and the 
watt-hour meter should be in the circuit simultaneously, the 
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indicating instrument serving as a check on the integrating 
instrument under the conditions given. 

E. W. Yearsley: The steam flow meter is such a convenient 
means of measuring steam consumption, that it is important 
to know its approximate accuracy under various conditions. 
This paper refers to these meters in a general way. I should 
like to hear further expressions of experience regarding suitable 
circumstances and necessary precautions in the use of such 
meters. Within what percentage are they correct for measuring 
turbine consumption? Are they satisfactory if connected in a 
turbine branch, which is taken from a main steam line carrying 
reciprocating units in the immediate vicinity? How are they 
affected by the varying pressure of an exhaust steam line in a 
mixed flow turbine? Is it necessary to calibrate such meters 
when used to measure reciprocating engine consumption? 
What is the comparative accuracy of the Venturi and nozzle 
plug types for continuous and intermittent flow? Are the re- 
cording meters as accurate as the indicating meters? Do these 
meters retain their accuracy after operating for some time 
subject to considerable vibration? 

E. B. Rosa: I have had no experience in testing turbo-gen- 
erators, but we have had some experience at the Bureau of 
Standards in testing the instruments used in the electrical mea- 
surements made in such tests. We are very much pleased with 
the и, ‘ruments that are being furnished by the best manufac- 
turers fur such purposes. If they are properly tested and саП- 
brated, thev are frequently more accurate and reliable than one 
would anticipate. Particularly is that true of potential trans- 
formers and current transformers. If they are properly cali- 
brated, they are very reliable, and are indeed instruments of 
precision. The transformers are, perhaps, more reliable than 
the instruments used in connection with them, but the instru- 
ments used in connection with them mav be trusted to give 
verv good results, indeed. 

If the results of a test are to be reliable to 2 per oent, each one 
of the many separate errors must be kept as small as possible, 
and that makes it necessary to use accurate and reliable instru- 
ments. 

I did not see the paper before this evening, and have had no 
opportunity to read it carcfully. I heard the greater portion of 
it read, however, and I must commend the discussion which is 
given in it of the clectrical measurements to be made in such tests. 

I would particularly like to speak about the shunts. There 
are more errors in shunts than many people using them imagine. 
I have known of instruments and shunts being sent for careful 
standardization after tests were over, whereas 1Ё they had been 
tested before they would not have been used. They should be 
tested both before and after, as Professor Robb has said. But 
if they are tested only once, it 15 rather better before the effi- 
ciencv test than after, as it gives one opportunity to know their 
conditions and to discard unsuitable instruments. 
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The distribution of the current in the shunt is important, and 
the heating of the shunt is also important. If they are to re- 
main in circuit during the run, carrying heavy load, they become 
heated, and obviously the effect of such heating should be 
definitely known. 

L. Т. Robinson: There аге а few things I would like to 
refer to. The principal point in writing about measuring the 
electrical output was to emphasize the advantage of relying 
upon indicating instruments rather than watt-hour meters, 
when the most accurate results are demanded. Referring to 
some remarks that Mr. Hodgkinson made, I think he seemed to 
feel that the listing of so many precautions was rather a re- 
flection on the intelligence of engineers in general but I would 
say that considerable experience with what actually does happen 
makes more careful attention to details desirable in many cases. 

It has been my experience that tests are either left to a steam 
engineer ог to an clectrical engineer, and in some cases “ the 
other end " suffers. That is, if he is a good steam engineer he 
gets the steam end all right and takes whatever is handy, and 
makes the electrical test with it. 

With reference to Professor Robb’s remarks, I think that the 
endorsement of the instrument transformers given by Dr. Rosa 
necds no further comment from me. 

With reference to the provision for inserting portable standards 
for tests in connection with switchboard, instruments and 
meters I feel that this is something which will be brought about 
sooner or later. It would be verv desirable to have such ar- 
rangements. 

With reference to Мг. Dreyfus’ remarks, I think any dif- 
ference of opinion that might Le apparent are due more to mis- 
understanding than anvthing else. 

I did not intend to bring out—and I don't think Mr. Dickinson 
did---that accurate testing is something which can not be done, 
hut rather that it 1s something which is being done right along; 
and the agreement obtainable between different test runs is 
about the same as that which he refers to. 

With reference to meters correct within two per cent of ac- 
curacy—the Public Service Commission requirements, the 
whole paper is based on 2 per cent not being good enough. 

With reference to Mr. Pickler’s remarks about using the watt- 
hour meters, it is simply a misunderstanding. I have no ob- 
jection to the use of the watt-hour meter if calibrated in place, 
and therefore corrected for all the errors that might influence 
it in use. But it is not in the same class as the portable indi- 
cating instruments, one being about five times as accurate as the 
other, to express it in terms of percentage. 

I. E. Moultrop (by letter): Messrs. Dickinson and Robinson 
have very clearly outlined the essential features of commercial 
testing of steam turbo-gencrators. There is nothing in the 
paper which is new to the enginecrs of large power plants who 
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have had to do considerable testing of this kind, still I think the 
authors might have placed more emphasis on a number of their 
recommendations. | 

The absolute tightness of a surface condenser is important 
and very difficult to determine when fresh circulating water is 
used. Also when the condensed steam 1s weighed, the tempera- 
ture of the water should be taken. When the water rate of the 
turbine has to be determined by weighing the boiler feed the 
possibility of error is great and much care must be taken to 
eliminate such errors. 

It is not сау to accurately measure the vacuum; the mercury 
column should be carefully checked and if possible the тегсигу 
should be boiled out before the test. All thermometers should 
have the same stem exposure as that under which thev were 
tested. 

I am surprised to see the steam flow meter so highlv en- 
dorsed and wonder if its advocates would accept a test which 
showed by a steam flow meter only that the turbine failed to 
meet the contract guarantees. 

The authors in their conclusion could well have emphasized 
the importance of insuring the accuracy of the electrical mea- 
surements, for I believe the liability of error in commercial testing 
is greater in this respect than in any other. I wish to endorse 
the recommendation that for commercial purposes а turbo- 
generator should be only © «das a combined unit and under 
the same adjustment it will have in regular station operation. 

A very good check on a test of this kind is to work up the 
readings and plot the results as the test progresses, ав many 
errors of observation become apparent at once and can either 
be corrected or the test can at unce be repeated. 

I think a little consideration of their paper will indicate that 
there are many power users who would find it difficult to make a 
satisfactory and reliable test on a new steam turbo-yencrator 
either on account of their operating conditions or by*reason of 
_ the expense involved. As the manufacturers usually run the 
machine under steam before making shipment it should cost but 
little more to find a way to load the generator and make a com- 
plete test on the machine before shipment. If this were done 
correction could be eliminated because the steam pressure and 
temperature, the amount of vacuum, сіс., could be made to 
agree with the terms of the contract. The load could be held 
steady and at unity power factor and a trained testing force em- 
ployed which would add to the reliability of the results. I 
wish, therefore, to endorse the recommendation of Mr. Eglin 
that manufacturers should be prepared to make acceptance tests 
at their factory if requested by the purchasers. | 

In a plant of considerable size I believe there should be perma- 
nent testing facilities апа periodic tests should be made on all 
prime movers. Steam turbines are much less liable to fall off in 
economy than engines vet things do occur which will seriously 
affect their efficiency. 
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The Edison Electric Illuminating Co. of Boston has such 
an equipment in its L. St. Station. It consists of a pair of large 
steel tanks each set on a platform scale in a room adjacent to 
the turbine room. А pipe line runs from these tanks to the 
condensed steam discharge of each turbine so that the manipula- 
tion of a few valves will divert the condensed steam from any 
turbine into these tanks. In the switchhouse a cell is equipped 
with special instrument transformers and arranged so that care- 
fully calibrated test instruments can be readily installed in series 
with the regular switchboard instruments. Ву this arrange- 
ment a very good routine test can be made by the operating 
department at any desired time without interfering with the 
operation of the station, and at a slight expense. 

E. D. Dickinson: It scems to me that the chief point of dis- 
cussion this evening, with regard to this paper was the segre- 
gating of the turbine from the generator, and the remarks of 
Mr. Hodgkinson covered this rather completely. That is, if 
turbines are to be built and sold by themselves, the most ac- 
curate and positive method of testing is to build some device 
to measure the output of the machine to the satisfaction of 
еуегу body, before it leaves the factory. Where turbines are 
built and sold with generators, it is the over-all efficiency of the 
unit that 15 of interest. 

There were several questions asked, relative to the reliability 
of the flow meter after it had been in service some time. If I 
remember correctly, the gist of all was; is it an accurate device 
which can be put in the circuit and left there for a long period? 
We have had some of them, that were little more than laboratory 
meters, in service a long time, and they are as accurate now ах 
when put in. Inaccurate indications will sometimes be caused 
by the holes in the nozzles getting clogged, but these are casily 
cleared. 

Perhaps I did not understand Professor Robb іл his remark 
ahout the use of valves for disconnecting certain sets of boilers, 
in order to make tests by weighing the water fed to those supply- 
ing steam for the turbine under test. We have heard of cases 
where valves $ parating different boilers and thought to be tight, 
were found after the tests were completed, not tight. The re- 
sults were therefore valueless and the money spent had been 
wasted. 

I wish to call particular attention to the communication from 
Mr. Moultrop in which he shows that accurate tests may be 
made in power stations, and at comparatively small expense. 

The importance of being able to know at апу time, the effi- 
ciency of apparatus in service should be sufficient to bring about 
a more general adoption of similar methods. 
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Joint Industrial Power Meet- 
ing in New York, March 10, 
1911. 


The two hundred апа fifty-ninth 
meeting of the American Institute of 
Eleetrical Engineers will be held in the 
auditorium of the Engineers’ Building, 
33 West 39th Street, New York City, 
on Friday evening, March 10, 1911, with 
the coöperation of the American Society 
of Mechanical Engineers. The mecting 
will be under the auspices of the In- 
stitute’s Committeeon Industrial Power; 
Mr. Norman T. Wilcox, chairman. The 
following papers will be presented: 
“Comments on Fixed Costs іп In- 
dustrial Power Plants ”, by John С. 
Parker, of the Rochester Railway and 
Light Company, Rochester, М. Y.; 
and “Тһе Cost of Industrial Power ", 
by Mr. A. E. Hibner, of the Toronto 
Electric Light Company, Toronto, Ont. 

Both papers are published іп this 
issue of the PROCEEDINGS. 
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Institute Meeting at Toronto, 
Ont., April 7, 1911 

The two hundred and sixtieth meet- 
ing of the American Institute of Elec- 
trical Engineers will be held in Toronto, 
Ont., on Friday evening, April 7, 1911. 
A paper will be presented by Мг. W. 5. 
Murray, electrical engineer of the New 
York, New Haven and Hartford Rail- 
road Company, entitled ‘ Analysis of 
Electrification and its Practical Ap- 
plication to Trunk Lines for Freight 
and Passenger Operation.” 


Pacific Coast Meeting Los 
Angeles, Cal., April 25-28, 1911 

Fhe local committee at Los Angeles 
is actively engaged in obtaining papers 
for the coming Pacific Coast Meeting 
on April 25 28, all of which will be 
printed in the April PROCEEDINGS if re- 
ceived and accepted Бу the Meetings 
and Papers Committee by March 6. 
Full details of the program will be pub- 
lished in ample time for members to 
make arrangements to attend. 


Future Section Meetings 
Toronto, Ont. 

The Toronto Section will hold an 
industrial power meeting on the evening 
of March 10. The program will consist 
of abstracts and a discussion of the 
papers to be presented at the New 
York industrial power meeting on the 
same date. W. II. Eisenbeis, Secretary, 
1207 Traders Bunk Building, Toronto, 
Ont. 


Institute Meeting in New York 
February 10, 1911 

The two hundred апа fifty-sixth 
meeting of the American Institute of 
Electrical Engineers was held in the 
auditorium of the Engineer's Building, 
33 West 39th Street, New York City, 
on Friday, February 10, 1911, under the 
auspices of the Electric Lighting Com- 
mittee. President Jackson presided 
and called the meeting to order at 
8:15 p.m. The Secretary announced 
the election of 162 Associates by the 
Board of Directors at its meeting 
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held during the afternoon, and the 
transfer of five Associates to the grade 
of Member. Тһе names of the Associ- 
ates elected and those transferred are 
published elsewhere in this issue. 

President Jackson then introduced 
the speaker, Mr. William B. Jackson, 
of Chicago, who presented an abstract 
of his paper entitled “ Advantages of 
Unified Electric Systems Covering Large 
Territories ", which appeared in the 
February PROCEEDINGS. The paper was 
discussed by Messrs. P. Junkersfeld, 
W. L. Robb, Е. М. Darlington, Philip 
Torchio, L. L. Elden, and C. P. Stein- 
metz. Written discussions were also 
read from George Н. Lukes ата 
Norman T. Wilcox. 


The Mid-Year Convention 

The Pittsfield-Schenectady Mid-Year 
Convention, February 14, 15 and 16 
was a genuine success both in local and 
general attendance, and every detail 
of the program was carried through to 
the satisfaction of all. The papersand 
discussions were of unusual interest, 
and the time required for presentation 
by the authors was reduced to the mini- 
mum, thus permitting ample oppor- 
tunity for discussion in most cases. 
Тһе attendance at Schenectady was 
350, and at Pittsfield 150. This was a 
duplication to the extent of about 100 
who went from Schenectady to Pitts- 
field and back on Wednesday. About 
75 members were present from various 
distant points and the opening session 
Tuesday afternoon was well attended. 
Past-president Charles F. Scott was 
invited by President Jackson to open 
the convention and he very effectively 
called to the attention of the audience 
the remarkable growth of the Institute, 
and its successful development as a 
national organization through the ac- 
tivities of the Sections and Branches, as 
well as the meetings and conventions, 
which were now being organized in 
various parts of the country in addition 
to the regular monthly meetings in New 
York and the Annual Convention. 

Mr. D. B. Rushmore, Senior Manager, 
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presided at the first technical session, 
as President Jackson was unable to 
reach Schenectady until the evening 
session, over which he presided, and 
thereafter occupied the chair at both 
Pittsfield and Schenectady sessions 
until adjournment. 

The convention was held in the house 
of the Mohawk Golf Club where com- 
plete arrangements were made by the 
efficient local committee. Between the 
afternoon and evening sessions on 
Tuesday an opportunity was offered 
for witnessing a demonstration of 
corona on an experimental line in the 
yard of the General Electric works. 

On Wednesday morning the members 
assembled at Schenectady station, 
where a special train of Pullman cars 
awaited them. a dining car being at- 
tached for the benefit of those who 
preferred breakfast on board. After 
a run of about two hours the members 
disembarked in the yard of the General 
Electric works at Pittsfield. Ап in- 
spection tour through the various 
buildings had been thoroughly ar- 
ranged in every detail through the 
preparation of a printed list with refer- 
ences to the various interesting features 
of the manufacture of transformers, 
regulators, cete., each group bearing а 
sign corresponding to the schedule. 
Returning from the trip through the 
works, the members assembled іп 
building No. 18 in which a bounteous 
luncheon had been provided, together 
with an extensive collection of electric 
cooking utensils “© made in Pittsfield."' 
Ample time was allowed for all to be 
well cared for, and at 1.30 p.m. special 
trolley cars conveyed the visitors to 
Lenox Hall, where the single Pittsfield 
technical session was held. 

In the evening the visitors reas- 
sembled at the Hotel Wendell where а 
complimentary dinner was given in their 
honor by the Pittsfield Section. Chair- 
man Blake presided and addresses of 
welcome to the city were made by 
Mayor Miller, апа President Cooper 
of the Board of Trade which were 
responded to by President Jackson and 
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Past-president Scott. The visiting 
members rcturned to Schenectady by 
the special train at 10 p.m. Тһе final 
session of the convention was held at 
the house of the Mohawk Golf Club 
Thursday morning. After adjourn- 
ment the members were entertained at 
luncheon as guests of the General Elec- 
tric Company, followed by an inspec- 
tion tour of the works. With this issue 
the publication of the papers presented 
at the convention is completed, and the 
discussion will be printed in subsequent 
numbers of the PROCEEDINGS after 
revision by the various speakers. About 
60 members took part in the discussion 
of the various papers. 


Boston Institute Meeting 

The Two-hundredth and fifty-eighth 
Institute meeting at Boston on Feb- 
ruary 17 was organized as the last 
of a series of three joint mectings 
with the codperation of the Boston 
Society of Civil Engineers апа 
the American Society of Mechanical 
Engineers. The meeting was held 
Friday evening in the auditorium of the 
Boston Edison Company, and was 
called to order by President Jackson. 
The paper of the evening was presented 
by Мг. Robert A. Philips of the Stone 
and Webster Engineering Corporation, 
on * Economic Limitations to Aggrega- 
tion of Power Systems." About 150 
members апа guests were present. 
The discussion was conducted by Chair- 
man Vaughan of the Boston Section. 

Among those who took part were 
N. T. Wilcox, C. A. Adams, Jr., А. E. 
Kennelly, F. E. Frothingham and D. C. 
Jackson. 


New Section at Detroitand Ann 
Arbor, Michigan 

At the mceting of the Board of Di- 
rectors held on January 13,°a Section 
was authorized upon the recommenda- 
tion of the Sections Committee, at 
Detroit and Ann Arbor, Michigan, to be 
known as the Detroit-Ann Arbor Sec- 
tion of the American Institute of Elec- 
trical Engincers. The Section has since 
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formally organized and officers have 
been elected, as will be seen elsewhere in 
this issue. 


Joint Dinner at Boston, Janu- 
ary 31, 1911 

A joint dinner was given by the Bos- 
ton Section of the American Institute 
of Electrical Engineers, the Boston 
Society of Civil Engineers, and the 
American Society of Mechanical Engi- 
neers, at the Hotel Somerset on the 
evening of January 31, 1911. The 
object of the dinner was the discussion | 
of plans for a building which would 
serve as headquarters for the engineers 
of Boston, and about 400 members «f 
the several societies were present, with 
Chairman J. F. Vaughan of the Boston 
Section of the A.I. E. E. presiding. Тһе 
guest of honor was Dr. Ehhu Thomson. 
Professor А. E. Kennelly acted as 
toastmaster. At the head table were 
also President Maclaurin of the Massa- 
chusetts Institute of Technology, Pro- 
fessor Ira N. Hollis, Professor G. Lanza, 
Professor W. L. Hooper, F. Valentine, 
J. W. Ellis, Col. F. V. Abbott, Capt. C. 
А. Manning, Col. E. D. Meier, president 
of the American Society of Mechanical 
Engineers, J. J. Carty, Ralph W. Pope, 
and H. F. Bryant, president of the 
Boston Society of Civil Engineers. 

The plan for an engineering head- 
quarters was explained by Professor 
Ira №. Hollis, who stated that the matter 
is now in the hands of а committec. 
Addresses by several of the guests fol- 
lowed. Among the speakers were: 
Mr. J. J. Carty, Col. E. D. Meier, H. F. 
Bryant, President Maclaurin, апа Pro- 
fessor Elihu Thomson. 


Meeting, 
ЗО, 1911 

The regular monthlv meeting of the 
Board of Directors of the American 
Institute of Electrical Engineers was 
held at 33 West 39th Strect, New York 
City, on Friday, February 10, 1911. 
The directors present were: President 
Dugald C. Jackson, Boston, Мазз.; 
Past-President Lewis B. Stillwell, New 
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York; Managers, W. G. Carlton, New 
York, Charles W. Stone, Schenectady, 
М. Y., A. W. Berresford, Milwaukee, 
Wis. М. S. Murray, New Haven, 
Conn., H. H. Norris, Ithaca, N. Y., 
Н. H. Barnes, Jr., New York, В. С. 
Black, Toronto, Ont.; Treasurer, George 
A. Hamilton, Elizabeth, N. ].; and 
Secretary Ralph W. Pope, New York. 

Тһе date of the proposed Institute 
meeting to be held in Toronto, Ont., 
was postponed from March 10 to April 
7, 1911. 

One hundred sixty-two candidates 
for membership in the Institute as 
Associates were elected. 

Eighty-seven students were declared 
enrolled. т 

The following Associates were trans- 
ferred to the grade of Member: 


ARTHUR HENRY SWEETNAM, Electrical 
Engineer, Cosmopolitan Electric 
Company, Chicago, Ш. 

]озЕРН L. В. HaAvDEN, Electrical Engi- 
neer, General Electric Company, 
Schenectady, N. Y. 

L. C. NicHors, Electrical Engineer, 
Allis-Chalmers Company, Milwaukee. 
Wis. 

RoGER MERRICK NEWBOLD, Electrical 
Engineer, Adams and Westlake Com- 
pany, Chicago, Ш. 

Н. W. CuENEv, Designing Engincer, 
Allis-Chalmers Company, Milwaukee, 
Wis. 

The names of the Associates elected 
and the students enrolled are printed 
elsewhere in this issue. 


— 


Associates Elected February10O, 
1911 

Аввотт, GEORGE PARKER, Electrical 
Engineer, Quebec and St. Maurice 
Industrial Co., La Tuque, P. I. 

AcHaTZ, RAYMOND VINCENT, Wire 
Chief, Chicago Telephone Co.; res., 
2872 East 77th St., Chicago, Ill. 

ADAMS, WALTER CARTER, Experimental 
Testing Department, Allis-Chalmers 
Co.; res, 2503 Grand Ave. Mil- 
waukee, Wis. 
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ALBRECHT, Еми, RuporPH, Equipment 
Man, American Tel. & Tel. Co., 815 
Church St.; res., 480 Rivermont Ave., 
Lynchburg, Va. 

ALBRECHT, Kari. AvcGUusT, Mechanical 
and Electrical Engineer, Charles L. 
Kiewert Co., 39 Cortlandt St., New 
York City. 

ALEXANDER, DwicHr, Electrical Engi- 
neer, Marlinton Light & Water Co., 
Marlinton, West Virginia. 

ALLEN, FREDERICK GEORGE, Electrical 
Engineer, B. Е. Sturtevant Co., 
Hyde Park, Mass. 

ANDREWS, CHARLES HAROLD, Superin- 
tendent of Light & Power, North 
Carolina Public Service Co., Greens- 
boro, N. C. 

APPENFELDER, FREDERICK ALFRED, 
Woodrow-Bradley Co., 323 Walnut 
St.; res., 821 Laurel St., Cincinnati,O. 

ARNOLD, GRANT W., 23 Dalton St., 
Boston, Mass. 

ARTER, WiLLIAM D., Assistant Engi- 
neer, N. Y. C. & H. R.R., Room 1012 
Grand Central Station, New York 

Сау. 

AXTELL, JOHN HAROLD, Crucible Stcel 
Company of America, Pittsburg; res., 
Homestead, Ра. 

BACHRACH, ALFRED, Accounting De- 
partment, General Electric Co.; res., 
316 Clinton Street, Schenectady, 
М.Ү 

BALDWIN, 
Noble 
Cal. 

BaRBEY, GEORGE DANIEL, Instructor, 
Pennsylvania State College, Exten- 
sion Division, 606 West Edwin St., 
Williamsport, Pa. 


EaRL Mutton, Electrician, 
Electric Steel Co., Heroult, 


BARNES, WILLIS SPENCER, Manager, 
Electrical Department, Fairbanks, 


Morse & Co.; res., 4118 Scarritt Ave., 
Kansas City, Mo. 

Bates, Louis [RviNG, Chief of Meter 
Dept., Northern Westchester Light- 


ing Co.; res, 1 Hamilton Ave., 
Ossining, N. Y. 
BENJAMIN, HENRI LIONEL, Erecting 


Engineer, Westinghouse Electric & 
Mfg. Co., 730 Board of Trade Bldg., 
Boston, Mass. 
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BENNETT, CLAUDIUS EDMUND, Engi- 
neering Experiment Station, Uni- 
versity of Illinois; res., 1111 М. 


Stoughton St., Urbana, ПІ. 

BERGEN, THEODORE ANTON, Electrical 
Engineer, Lockwood, Greene & Co., 
93 Federal St.; res., 153 W. Concord 
Boston, Mass. 

BICKEL, JOHN ANDERSON, Operator, 
Kinzie Street Substation, Common- 
wealth Edison Co., 354 Kingsbury 
St.; res., 2852 N. Clark St., Chicago, 
Ш. 

Віхвү, WiLLIAM PEET, Erie Railroad 
Co., 50 Church St.; res., 345 West 
218t St., New York City. 


BLATZ, ALBERT VALENTINE, JR., Super- 
intending Engineer, Van Blatz Brew- 
ing Co.; res., 633 Jefferson St., Mil- 
waukee, Wis. 

BRADSHAW, PERCY BELMONT, Electrical 
Draftsman, Western Electric Co., 
Hawthorne; res., 1530 S. Ridgeway 
Ave., Chicago, Ill. 

BRiccs, Harry J., Operator, Pacific 
Light & Power Co.; res., 619 Gladys 
Ave., Los Angeles, Cal. 


BROWN, WILLIAM HUNTER, Superin- 
tendent, Nittany Light, Heat and 
Power Co.; res., 225 West Beaver 
Ave., State College, Pa. 

BRUBAKER, HENRY SAMPSON, Drafts- 
man, C. D. & Printing Telegraph Co., 
Pittsburg; res., Summit Park, Li- 
brary, Pa. 

BRuNN, ERMOND FERMOR, Engineer, 
Brunn Electric Co., Patchogue, М. Y. 


BUELL, HENRY H., Operator, Isthmian 
Canal Commission, Corozal, Canal 
Zone, Panama. 


BuncEss, Harry LANCASTER, Engineer- 
ing Department, American Tel. & Tel. 
Co.; res., 37 West 124th St., New 
York City. 

Butz, CHARLES ELy, Instructor in Elec- 
tricitv, Mechanics Institute; res., 276 
Melville St., Rochester, N. Y. 

CAMPBELL, THOMAS FRANCIS, Alle- 
gheny County Light Co., 5918 Broad 
St., E. E.; res., 615 Hale St., Pitts- 
bury, Pa. 
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CANDOR, EDWARD RAMSEY, Resident 
Engineer, W. S. Shields Co., 1201 
Hartford Building, Chicago, ПІ. 


CHANDLER, REx, 2nd Lieut., Coast 
Artillery Corps, United States Army, 
Fort Monroe, Va. 

CLARK, WILLIAM LEA, Superintendent 
of Electricity and Power House, West 
Point Mfg. Co., Langdale, Ala. 

CLOUGH, WARREN ALMON, 
Engineering Department, 
Electric Co., Chicago, ПІ. 

Cook, ALFRED, Switchboard Operator, 
Washington Water Power Co., Rear- 
dan, Washington. 

CRAIGHEAD, GEORGE WALTER, Manager 
Electrical Dept., Craighead Plumbing 
& Electric Co.; res., 910 Main St., 
Richmond, Ind. 

CRAWFORD, LEIGH RANDALL, Superin- 
tendent, Sioux City Service Company 
res., 415 Fifth St., Sioux City, Towa. 

CUNNINGHAM, JOSEPH TROWBRIDGE, 
Salesman, Allis-Chalmers Co., 71 
Broadway, New York City; res., 5817 
15th Ave., Brooklyn, N. Y. 

DARNELL, O. A., North Shore Electric 
Co., 205 La Salle St.; res., Chicago 
Heights, ІШ. 

Davis, FRANK ROYER, Assistant Super- 
intendent, Complaint Bureau, Phila- 
delphta Electric Co., 1622 N. 18th 
St.; res., 1126 W. Oxford St., Phila- 
delphia, Pa. 

Davor, WALTER DopcE, Special Agent, 
Continental Insurance. Companv; 
res., 107 Sycamore St., Winter Hill, 
Mass. 


Railwav 
General 


Davy, WESLEY, Mechanical апа Elec- 
trical Engineer, New Castle Portland 
Cement Co.; гез., 338 County Line 
St., New Castle,Pa. 


DAWSON, CHARLES SUMNER, Installa- 


поп Bureau, Philadelphia Electric 
Co., 10th & Chestnut Sts., Phila- 
delphia, Pa. 
DELACK, BuRTON Lewis, Railway 
Engineering Department, | General 


Electric Co.; res, 15 Linden St., 


Schenectady, №. Y. 
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DEVLIN, CECIL GEORGE, Power Engi- 
neer, Narragansett Electric Lighting 
Co., 170 Westminster St., Providence, 
К. I. 

DicE, ELMER BRAUN, Apprentice, Cen- 
tral District & Printing Tel. Co.; res., 
3826 California Ave., М. S. Pittsburg, 
Pa. 

DoHERTY, James G., Foreman Electri- 
cal Construction, Central Colorado 
Power Co., 1210 17th St.; res., 1430 
Clarkson St., Denver, Colo. 

DoncELoH, GEORGE H., Electrical En- 
gineer, General Electric Co., res., 213 
Seward Place, Schenectady, М. Y. 

DREYFUS, NATHAN ALBERT, Manager, 
Findeiser & Knopf Mfg. Co., 1841-43 
Broadway, New York City. 

DwvER, JAMES JOSEPH, Canadian West- 
inghouse Co.; res., 93 Sanford Ave., 
South, Hamilton, Can. 

Dyer, SETH HUNGERFORD, Electrician. 
Minas Dolores у Anexas, Matehaula, 
S. L. P., Mexico. 

FARLEY, JAMES ]ОЗЕРН, Draughtsman, 
with Walter Kidde, 140 Cedar St., 
New York City; res., 686 Market St., 
Newark, N. J. 

FERNALD, FRANKLIN MERRILL, Power 
Engineer, Narragansett Electric Light 
Co., Providence, R. I; res., 30 
Orange St., Attleboro, Mass. 

FOSTER, SPOTTSWOOD CARMICHAEL, Sup- 
erintendent, Rappahannock Electric 
Light & Power Co., Fredericksbury, 
Va. 

Гоміек, Ricuarp, Testing Depart- 
ment, General Electrice Co.; res., 9 
Mynderse St., Schenectady, N. Y. 

FRANK, Joun MAYER, Electrical Engi- 
neer, Ilg Electric Ventilating Co., 154 
Whiting St., Chicago, ПІ. 

GAYNOR, EpWIN Сін5ом, Tester. New 
York Edison Co.; res., 851 West End 
Avenue, New York City. 

GIBBS, OSCAR FRANKLIN, Electrical In- 
spector, West Virginia Inspection 
Bureau, Charleston, W. Va. 

GoEDJEN, ALBERT JOHN, Superinten- 
dent Testing Bureau, Milwaukee 
Electric Ratlway & Light Co.; res., 
611 Cass St., Milwaukee, Wis. 
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GoopLoE, HENRY BovNTON, General 
Electric Company, Strickland Build- 
ing, Roanoke, Virginia. 

GOODMAN, LYNN SUMNER, D. C. & W. 
B. Jackson, 84 State Street; res., 
Technology Chambers, Boston, Mass. 


GRANT, Roy СЕОКСЕ, Draftsman, Sig- 
nal Department, Chicago & North- 
western Railway, 215 Jackson Blvd., 
Chicago, ПІ. 


GROESBECK, ARTHUR JEROME, Chicf 
Engineer, Cordova Power Co., Cor- 
dova, Alaska. 


HALSTED, ARTHUR, Electrical Engineer, 
Greeley Electrical Supply Со.» res., 
921 8th Avenue, Greeley, Colo. 

HANNA, CHARLES EVERETT, Represen- 
tative, Electric Controller & Manu- 
facturing Co., 515 Frick Bldg.; res., 
309 Oakland Ave., Pittsburg, Pa. 

HARRINGTON, FRED EUGENE, In Charge 
of Power Station, Western Canada 
Power Co., Ruskin, B. C. 

HasTINGS, HAROLD PORTER, Clayton & 
Craig, Room 30, 161 Summer Street, 
Boston, Mass. 

Ниа., Jonn EDGAR, JR., Salesman, Gen- 
eral Electric Co.; res., Craft Apart- 
ments, Elsinore Square, Pittsburg, Pa 

Нил.$, Ear Vinton, Electrical Engi- 
neer, Utah Fuel Company, Somerset, 
Colorado. 

Hints, Кікк ALLEN, General Electric 
Co., Chicago; res., Lombard, Ш. 


Нітснсоск, LEON WHITNEY, Instructor 
in Electrical Engineering, New Hamp- 
shire College, Durham, N. H. 


HonBs, HORACE GAYLORD, Assistant 
Electrical Engineer, Columbus Вирру 
Co.; res., 224 15th Ave., Columbus, 
Ohio. 


HowraANp, КАРН Віѕнор, Electrician 
Stone & Webster Engineering Corpo- 
ration, Sumner, Washington. 

HunpBARD, FRANK Hopson, Patent At- 
torney, Cutler-Hammer Manufactur, 
ing Co., Milwaukee, Wis. 

Hunt, FRED Lowry, Carnegie Steel 
Co., Homestead Works, Munhall, Pa. 
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JAMES, WILLIAM Еву, Salesman, West- 
inghouse Electric & Mfg. Co.; res., 
6920 Boyer St., Philadelphia, Pa. 

JARVIS, CAMERON DEWITT, Assistant 
Engineer, New England Tel. & Tel. 
Со., 170 Summer St., Boston; res., 62 
Floyd St., Winthrop, Mass. 


JOHNSON, CLARENCE GARDNER, Man- 
ager, Chickasha Light Heat & Power 
Co., Chickasha, Oklahoma. 

JONES, JAMES ARDEN, Electrician, Pitts- 
burg Plate Glass Co., Crystal City, 
Mo. 

JONES, REGINALD LAMONT, Student, 
Massachusetts Institute of Tech- 
nology; res., 25 St. James Ave., 
Boston, Mass. 


KAHLERT, HERBERT EDWARD,Electrical 
Engineer, Herman Andrae Electric 
Co., 221 West Water St., Milwaukee, 
Wis. 

KEENAN, EDWARD THOMAS, Electrical 
Contracting, Marlboro Building; res., 
614 Boyd St., Watertown, N. Y. 

KILLE, FRANK, res, 526 lith St., 
Brooklyn, N. Y. 


KIMBALL, KENDRICK CLYDE, Electrical 
Enginecr, Three Forks Portland Ce- 
ment Co., Trident, Mont. 

KRAMMES, RUSSELL RUESS, Electrician, 
Scranton Electric Co., Scranton, Pa. 

KRUESI, FRANK EUGENE, Electrical 
Engineer, Hlinois Valley Gas and 

" Electric Co.; res., 210 S. Park St., 
Streator, Ш. 

LAUGHTON, JOHN RORERTSON, Switch- 
board Operator, Great Northern 
Power Co., Fond du Lac, Minn. 


Lavcock, Harry ALBERT, Electrical 
Engineer, General Electric Co.; res., 
1116 State St., Schenectady, N. Y. | 


Law, WILLIAM, Instructor, Industrial 
School; res., 179 William St., New 
Bedford, Mass. 

LEET, ARTHUR WHITE, District Man- 
ager, Michigan State Telephone Co., 
Houghton, Mich. 

Lewis, GEORGE EVELINE, Instructor in 
Engineering Department, University 
of Michigan, Ann Arbor, Mich. 


L’ HOMMEDIEU, WILLIAM PERRYN, Sales- 
man, Westinghouse Electric & Mfg. 
Co., 165 Second Street, San Fran- 
cisco, Cal. 

LILEY, JAMES LE Roy, Assistant Elec- 
trical Engineer, Champion Fibre Co., 
Canton, N. C. 


LINDGREN, ANDREW W., Superinten- 
dent, Huntington Beach Co., Hunt- 
ington Beach, Cal. 


LOGAN, MAURICE HEZEKIAN, Supervis- 
ing Operator, Public Service Electric 
Со.; res., 111 Reservoir Ave., Jersey 
City, N. J. 

MarR, WILLIAM PRICE, Secretary- 
Treasurer, Wisconsin Engine Com- 
pany, Corliss; res., 1841 Wisconsin 
St., Racine, Wis. 


MAYER, Е. HERMAN, Draftsman,South- 
ern California Edison Co., 329 San 
Fernando Bldg.; res., 3630 S. Flower 
St., Los Angeles, Cal. 


McCLusgE, ORLANDO, Engineer, State 
Roads Commission, Union Trust 
Building; res., 203 E. Lanvale St., 
Baltimore, Md. 


METTEE, CARROLL RUSSELL, Drafts- 
man, Electrical Dept., B. & O. R.R. 
Co.; res., 2213 Madison Ave., Balti- 
more, Md. 


MILLER, CLARENCE BONWELL, General 
Electric Co.; res., 54 Bartlett Ave., 
Pittsficld, Mass. 


MILWAIN, CHARLES GILLESPIE, Electri- 
cal Engineer, Cumberland Telephone 
& Telegraph Co.; res., 1407 Forrest 
Ave., Nashville, Tenn. 


AIORA, ERNEST JosEPH, Illuminating 
Engineer, West Pennsylvania Elec- 
tric Co.; res., 107 W. Fayette St., 
Connellsville, Pa. 


Мокғнү, BRrAN Haroup, Lecturer in 
Electrical Engineering, South West- 
ern Polytechnic, Manresa Road, 
Chelsea, London, S. W., Enyland. 


MORTON, JAMES DuNCAN, Local Man- 
ager, Idaho-Washington Light & 
Power Co.: res., 1208 Kaniacken St., 
Pullman, Wash. 
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NASON, FRED W., President, Fred W. 
Nason Co., 39 Cortlandt St., New 
York City; res., 1811 Brooklyn Ave., 
Brooklyn, N. Y. 

NiCHOLS, MARK HUBERT, 
Western Electric Company, 
Curtis St., Denver, Colo. 

Місн, Epson R., Assistant Electrical 
Engineer, Seattle Electric Co.; res., 
1734 13th Ave., Seattle, Wash. 

NvE, Harry Е., Manager, Northwest 
Electric Co.; res., 2419 Sixth St., 
South, Minneapolis, Minn. 

OETTING, OSCAR WILLIAM ADOLPH, 
Tester, Westinghouse Electric & Mfg. 
Co.: res., 206 S. Pacific Ave., Pitts- 
burg, Pa. 

O'NEILL, HAYLETT, Assistant Engineer, 
Interborough Rapid Transit Co., 600 
West 59th St., res., 574 West 182nd 
St., New York City. 

PARKER, GEORGE HENRY, Superin- 
tendent and Chief Engineer, West 
Virginia Inspection Bureau, Charles- 
ton, W. Va. 

PARSONS, WILBUR ALFRED, Foreman 
Electrician, Shaffer-Marsh Co., 186 
Main St.; res., 130 Queen St., Bristol, 
Conn. 

PENROSE, CHARLES, Electrical Engi- 
necr, Philadelphia Electric Company, 
1000 Chestnut St.; res., 1104 Spruce 
St., Philadelphia, Pa. 

PFIEF, GEORGE HENRY, Consulting 
Engineering Department, General 
Electric Co.; res., 1234 State St., 
Schenectady, N. Y. 

PoLLock, WILLIAM JOHN, Cadet Elec- 
trical Engineer, United Gas Improve- 
ment Co.; res., 1600 South 15th St., 
Philadelphia, Pa. 


Salesman, 
1425 


Pratt, Warpo Topp, Assistant to 
Superintendent, Housatonic Power 
Company; res., 41 Cooke Street, 


Waterbury, Conn. 

PUTNAM, CHARLES EUGENE, Instructor 
in Electrical Engineering, Carnegie 
Technical School, Pittsburg; res., 
1015 Ross Ave., Wilkinsburg, Pa. 

RANSOPHER, SILAS MiLo, Student, 
Kansas State Agricultural College, 
Manhattan, Kansas. 
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REINHARD, GusTAV ADOLPH, Assistant 
Electrical Engineer, Mechanical Ap- 
pliance Company, 133 Stewart St.; 
res., 709 Hackett Ave., Milwaukee, 
Wis. 

REINHART, GEORG NICOLAUS, 232 West. 
76th Street, New York City. 

Rose, WILLIAM LLEWELLYN, Power 
Solicitor, Union Electric Light & 
Power Co., 12th-and Locust St.; res., 
6131 Kingsbury Blvd., St. Louis, Mo. 

RusT, CLARENCE WARREN, Chicf Engi- 
neer, Electrical Research Dept., Amer- 
ican Rolling Mill Co.; res., 917 
Yankee Road, Middletown, Ohio. 

SATTERTHWAITE, JOSHUA PauL, In- 
structor, Department of Electrical 
Engineering, University of Pennsyl- 
vania; res., 25 М. 34th St., Phila- 
delphia, Pa. 

SCHIEFER, HENRY J. ,JR. Electrical 
Engineer, Allis-Chalmers Co.; res., 
279 25th Street, Milwaukee, Wis. 

SCHROEDER, MICHAEL J., Chief Еісс- 
trician, Pennsylvania Iron Mining 
Co., Vulcan, Mich. 

Scorr, WiRT STANLEY, Engineer іп 
Charge, McKeever Electric Co.; res., 
1385 Hamlet St., Columbus, Ohio. 

SHAW, EDWARD THOMAS, Assistant De- 
signing Engineer, General Electric 
Co.; res., 103 Bartlett Ave., Pitts- 
field, Mass. 

SHEPHERD, CLAUDE H., Chief Operator, 
Lincoln Park Power House, Lincoln 
Park; res., 857 Oakwood Blvd., Chi- 
cago, Ill. 

SIEKMANN, EVERETT LEIVE, Represen- 
tative, Westinghouse Electric & Mfg. 
Co., 429 17th Street, Denver, Colo. 

SIMPSON, WALTER LINTON, Chief Elec- 
trician, New River Collieries Co., 
5сс1с5, West Virginia. 

SMITH, HAROLD CHESTER, Iowa Tele- 
phone Company, Clinton, Iowa. 

SMITH, HAROLD WHITMORE, Electrical 
Engineer, Westinghouse Electric & 
Mfg. Co., Pittsburg; res., 401 Gray 
Bldg., Wilkinsburg, Pa. ` 

SOARES, EUSTACE CHARLES, Switch- 
board Attendant, Westchester Light- 
ing Co.; res., 329 Rich Ave., Mount 
Vernon, М. У. 
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SOUTHGATE, GEORGE THOMPSON, Elec- 
trical Engineer, Houston Lighting & 
Power Company 1905, 1502 Com- 
merce Ave., Houston, Texas. 


SPRINGBORN, ALBERT JOHN, Experi- 
mental Engineer, 1946 East 19th 
Street, Cleveland, Ohio. 


STAFFORD, ALBERT, Bay Cities Home 
Telephone Co.; res., 667 Fulton St., 
San Francisco, Cal. 


STEPHENS, HERBERT COLEs,Chief Elec- 
trician, DeKalb-Sycamore Electric 
Co., De Kalb; res., Sycamore, III. 


STEWART, HAROLD OSBORN, Assistant 
to Chief Engineer, Rochester Rail- 
way & Light Co.; res., 11 Bucking- 
ham St., Rochester, N. Y. 


STRICKLER, WILL MurRpuy, General 
Electric Co., res., 43 Kellogg Street, 
Pittsfield, Mass. 


SWANSTROM, FRANK, Electrical Engi- 
neer, Electric Machinery Co.; res., 
412 2nd Ave., S. E. Minneapolis, 
Minn. 


TANNER, Harry L., Instructor in Elec- 
trical Engineering, University of 
Michigan; res., 905 S. State St., Ann 
Arbor, Mich. 


THOMSON, HARRY FREEMAN, Instruc- 
tor, Department of Electric Engi- 
neering, Massachusetts Institute of 
Technology, Boston, Mass. 


Tower, Epwin В. H., JR. Patent 
Lawyer, Cutler-Hammer Mfg. Co.; 
res., 305 Prospect Ave., Milwaukee, 
Wis. 

TUCKER, JESSE ORRIN, Superintendent 
of Construction, Urbana & Cham- 
paign Railway, Gas and Electric Co.; 
res., 307 W. White Street, Chicago, 
Ш. 7 


VANDERWAART, PETER THOMAS, As- 
sistant to Superintendent, City of 
Norwich Gas and Electric Depart- 
ment, Norwich, Conn. 


VAWTER, JAMES HENRY, Assistant In- 
spector of Electric Light Plants, 
United States Treasury Dept.; res., 
1319 Massachusetts Ave., М. W., 
Washington, D. C. 
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von Bvor, Негхвісн, Electrical Engi- 
neer, Siemens & Halske Wernerwerk, 
Berlin; res., 1 Dahlmannstrasse, 
Charlottenburg, Germany. 

WEAVER, Совром, Power Salesman, 
Union Electric Light & Power Co., 
12th & Locust Sts.; res., 3804 Delmar 
Blvd., St. Louis, Мо. 

WEHAUSEN, GEORGE WASHINGTON, 1 est 
Man, General Electric Co.; res., 618 
Chapel St., Schenectady, N. Y. - 


WEST, JOHN STANLEY, Electrical Engi- 
neer, New Einsleigh Copper Mines, 
Ltd., Einsleigh, North Queensland, 
Australia. 


WICKHAM, СЕСИН, Harry, Rolling Stock 
Superintendent, Adelaide Municipal 
Tramways Trust, Adelaide, South 
Australia. 

WIKANDER, RaGNar, Electrical Engi- 
neer, 10 Stratton Lane, Pittsburg, Pa. 


WiLCox, EDGAR A., Assistant Superin- 
tendent, Great Shoshone & Twin 
Falls Water Power Co., Twin Falls, 
Idaho. 


WILKINSON, NATHAN, Assistant Епр!- 
neer, Allis-Chalmers Co.; res., 301- 
37th St., Milwaukee, Wis. 


WILSON, CHARLES ERwin, Electrical 
Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburg; res., 500 
South Ave., Wilkinsburg, Pa. 

WOODWARD, MARK RITTENHOUSE, Elec- 
trical Engineer, Navy Department, 
Bureau of Yards and Docks, 508 
Mills Building, Washington, D. С. 


WRIGHT, Roy Мовв!$, Electrical Engi- 
пеег, Colorado Light and Power Со.; 
res., 128 S. 1st Street, Cripple Creek, 
Colo. 


Young, Roy, Foreman Small Motor 
Dept., Fort Wavne Electric Works; 
res., 315 West DeWald St., Fort 
Wayne, Ind. 

YouwNG, STUART S., Foreman of Con- 
struction, Dore Electric Co., 114 
West 8th St., res., 512 West 8th St., 
Coffeyville, Kansas. 

ZARATE, CORONEL, PEDRO, Electrical 
Engineer of Argentine Navy; res., 244 
Union St., Schenectady, N. Y. 
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Applications for Election 

Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in 
the Institute as Associates. These 
applications will be considered by the 
Board of Directors at a future meeting. 
Any Member or Associate objecting to 
the election of any of these candidates 
should so inform the Secretary before 
March 25, 1911. 


10186 Durant, W.C., Prince Rupert, В.С. 
10187 Eich, A. L., Chicago, Ш. 

10188 Eicher, W. K.,Grand Rapids, Mich 
10189 Knight, G. L., Brooklyn, N. Y. 
10190 La Sha, J. S., San Diego, Cal. 
10191 d’Ornellas,C.E.,Buenos Aires,A.R 
10192 Sweger, Chas., La Salle, Ill. 
10193 Cummings, С. T., Harrison, N.J. 
10194 Dix, I. F., Los Angeles, Cal. 
10195 Dolan, J. J., Chicago, Ш. 

10196 Gregory, J. A., Los Angeles, Cal. 
10197 Jones, B. W., Schenectady, N. Y. 
10198 Laman, J. C., Jacksonville, Fla. 
10199 Reid, R. H., Salt Ste. Marie, Ont. 
10200 Roux, G. P., Philadelphia, Pa. 
10201 Barre, Н. А., Los Angeles, Cal. 
10202 Burnham, R., Minneapolis, Minn 
10203 Cox, W. М., Pittsburg, Pa. 
10204 Delpy, L. L., Pittsburg, Pa. 
10205 Flaherty, B. G., Cle Elum, Wash. 
10206 Grant, H. E. H., Vancouver, B.C. 
10207 McGowan, M.J., Jr.. Newark,N.J. 
10208 МаПаНеу, В. J.. Youngstown, О. 
10209 Post, С. G., Milwaukee, Wis. 
10210 Vick, A. T., St. Louis, Mo. 
10211 Farrant, S. C., Mt. Vernon, N. Y. 
10212 Harris, J. А., Oakland, Cal. 
10213 Keese, S. J., Los Angeles, Cal. 
10214 Piatt, F. C., Oakland, Cal. 
10215 Thompson, C. F., New York City 
10216 Carter, R.J.S., Minneapolis, Minn. 
10217 Littler, R. G., Portland, Ore. 
10218 Roberts, D. P., Vancouver, B. C. 
10219 Smith, George, New York City. 
10220 Hyde, С. C., Chicago, Ш. 

10221 Lott, H. C., Winnipeg, Man. 
10222 Miller, W. L., Helena, Mont. 
10223 Orr, W. J., Toronto, Ont. 

10224 Stevens, W. C., Milwaukee, Wis. 
10225 Draper, С. L., Chicago, Ill. 
10226 Edwards, J. L., Pittsburg, Pa. 
10227 Ewens, W. S., Toronto, Ont. 


[March 


10228 Finney, T. J., Jr., Paterson, М. ]. 
10229 Goldsberry, H. H., Fort Wayne,Ind 
10230 Hungate, J. W., Spokane, Wash. 
10231 McIntosh,S.F.,Southbridge, Mass 
10232 McKowen, Е. L., Transvaal, S. А. 
10233 Penrose, E. T., Altoona, Pa. 
10234 Pickens, R. H., Easley, N. C. 
10235 Ullrich, А., Swissvale, Pa. 
10236 van Steeden, M. С. W., Jr., 
Rotterdam, Holland. 


` 10237 Williams, J. F., Charleroi, Pa. 


10238 Hood, John, Oakland, Cal. 
10239 Peterson, [.C., Fort Du Pont,Del. 
10240 Buchanan, H. S., Grace, Idaho. 
10241 Perrine, А. А. R.,Bozeman, Mont. 
10242 Thomas, C. H., Chicago, Ill. 
10243 Willis, B. D., Chicago, Ill. 
10244 Murphy. L. F., Delray, Mich. 
10245 Whitmore, Ray, Norwood, Ohio. 
10246 Butler, J. B., Balls Ferry, Cal. 
10247 Goodloe, А. M., Roanoke, Va. 
10248 Haraden, ].А., Schenectady, N. Y. 
10249 Jones, J. C., Salt Lake City. 
10250 Leatham, C. H., Frostburg, Md. 
10251 Orr, R. S., Pittsburgh, Pa. 
10252 Campbell, W. C., San Francisco. 
10253 Driscoll, F. B., New York City. 
10254 Ellis, A. H., London, Eng. 
10255 Arey, A. C., Hidalgo, Mex. 
10256 Beattie, W. C. W., N. Y. City. 
10257 Brown, G., Brooklyn, N. Y. 
10258 Harris, H., Wilmerding, Pa. 
10259 Helt, O. B., Portland, Ore. 
10260 Howlett,C.A.S. Schenectady, NY. 
10261 Johnson, L. D., Kokomo, Cal. 
10262 Johnson, L.G., Schenectady, N.Y. 
10263 Kettle, T. H., Toronto, Ont. 
10264 Lawler, G. S., Boston, Mass. 
10265 Lawrence, H. B., Plainfield,Conn. 
10266 Medbury, C. F., Montreal, Que. 
10267 Puhakka, N. E., Pittsfield, Mass. 
10268 Smith, R. C., Geneva, N. Y. 
10269 Betts, Eugene, Westwood, N. J. 
10270 Carpenter, J. E., Sacramento, Cal 
10271 Duryca, H., New York City. 
10272 Fowler, F. H., San Francisco. 
10273 Lissau, O. F., Schenectady, N.Y. 
10274 Maddock, W., Los Angeles, Cal. 
10275 McNaughton, A. G. L., Montreal 
Que. 

10276 Pierce, G. W., Cambridge, Mass. 
10277 Weber, C. A. M., Wilkinsburg, Ра 
10278 Wood, J. Le R., Albany, Ore. 
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10279 Wright, D. D., San Francisco, Cal. 
10280 Duffy, Е. J., Scranton, Ра. 
10281 Dunn, E. J., Harvard, Ill. 
10282 Dyckerhoff, A., Pittsburg, Pa. 
10283 Larson, G. L., Moscow, Idaho. 
10284 Matteson, P. E., Ft. Dodge, Iowa 
10285 Patterson, R. J., Waterville, Me. 
Total, 100. 


Applications for Transfer 


The following Associates were recom- 
mended for transfer at the meeting of 
the Board of Examiners held on Febru- 
ary 10, 1911. Any objection to the 
transfer of these Associates should be 
filed at once with the Secretary. 


V. D. Moopy, of Hamner and Moody, 
Engineers, New York City. 


LAWRENCE P. CRECELIUS, Supt. Motive 
Power, Cleveland Railway Company, 
Cleveland, Ohio. 


Students Enrolled February 
10,1911 . 

4186 Cole, J. M., Clarkson Schl. Tech. 
4187 Couch, D. H., Columbia Univ. 
- 4188 Fithian, Н. H., Lehigh Univ. 
4189 Stair, J., Jr., Lehigh University. 
4190 Gutting, L. A., Univ. of Illinois. 
4191 Therkelsen, E., Univ. of Wash. 
4192 Baker, J. J., Syracuse. Univ. 
4193 Lea, В. A., Univ. of Arkansas. 
4194 Grambow, M. A., Cornell Univ. 


4195 Rodriguez, M. J. S., Cornell Univ. 


4196 McIntyre, T. B., Cornell Univ. 
4197 Fromm, H., Univ. of Missouri. 


4198 Coulter, R. S., Univ. of Missouri. 


4199 Hickmann, A. O., Univ. of Mo. 
4200 Martin, W. H., Mass. Inst. Tech. 
4201 Graybill, J. H., Lehigh Univ. 
4202 Dean, H., Lewis Institute. 

4203 Dodge, Т. А., Lewis Institute. 
4204 Forster, H., Lewis Institute. 
4205 Hildebrandt, G. E., Lewis Inst. 
4206 Strauss, E. E., Lewis Institute. 
4207 Morgan, A. J., Wash. State Coll. 
4208 Kncen, O. H., Wash. State Coll. 
4209 Davis, H. C., Jr., Mass. Inst. Tech. 
4210 Emerson, L. A., Univ. of Minn. 
4211 Deschere, P. R., Columbia Univ. 
4212 Gurnee, D., Rensselaer, Poly. Inst. 
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4213 Louqee, М. А., Mass. Inst. Tech. 
4214 Benzing, H. J., Univ. of Penn. 
4215 Bischoff, L. G., Univ. of Penn. 
4216 Boyd, J. H., Univ. of Penn. 
4217 Buchholz, C. D., Univ. of Penn. 
4218 Carrier, C. F. P., Univ. of Penn. 
4219 Devlin, C. J., Univ. of Penn. 
4220 Donnelly, J. B., Univ. of Penn. 
4221 Doyle, H. P., Univ. of Penn. 
4222 Dunn, W. E., Univ. of Penn. 
4223 Fox, B., Univ. of Penn. 

4224 Freas, H. L., Univ. of Penn. 
4225 Gerber, L. S., Univ. of Penn. 
4226 Goebert, E. C., Univ. of Penn. 
4227 Goldenberg, F., Univ. of Penn. 
4228 Grauer, J. G., Univ. of Penn. 
4229 Hagenlocher, E., Univ. of Penn. 
4230 Hart, A. D., Univ. of Penn. 
4231 Jackson, N., Univ. of Penn. 
4232 Kinney, J. S., Univ. of Penn. 
4233 Burney, J. L. M., Univ. of Penn. 
4234 Munroe, R. B., Univ. of Penn. 
4235 Pierce, A. W., Univ. of Penn. 
4236 Rue, J. R., |г., Univ. of Penn. 
4237 Schacfner, C. C., Univ. of Penn. 
4238 Sibole, B. P., Univ. of Penn. 
4239 Steltz, S. P., Univ. of Penn. 
4240 Tomlinson, H. E., Univ. of Penn. 
4211 Woolrick, W. R., Univ. of Wis. 
4242 Montgomery, А. G., Penn. St.Coll. 
4243 Shuler, W., Jr., Ohio State Univ. 
4244 Stakely, Н. C., Georgia Sch. Tech. 
4245 Guinther, F. E., Case School Sci. 
4246 Caswell, E. T., Columbia Univ. 
4247 Norman, C. P., Univ. of Toronto. 
4248 Johnson, J. H., Inter. Corres. Sch. 
4249 Hibbard, C., Lewis Institute. 
4250 Hand, J. L., Cornell University. 
4251 Silverman, H. I., Cornell Univ. 
4252 Vincent, J. D., Cornell Univ. 
4253 Watrous, R. W., Cornell Univ. 
4254 Winston, W. O., Jr., Cornell Univ. 
4255 Morairtv, А. F., Univ. of Mich. 
4256 McCormick, M. P., Univ. of Mich. 
4257 Clapp, L. E., Univ. of Mich. 
4258 Leinbach, УУ. C., Penn. State Coll. 
4259 Holser, Е. L., Univ. of Missouri. 
4260 Born, C. R., Univ. of Missouri. 
4261 Surber, V. W., Univ. of Missouri. 
4269 Green, W. P., Stanford Univ. 
4263 Gerard, J. W., Univ. of Missouri. 
4264 Carr, E. C., Univ. of Washington. 
4265 Kameny, E., Cooper Union. 
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4266 Krape, R. D., Penn. State College. 

4267 Locke, D. J., Worcester Poly Inst. 

4268 Dreiss, F., Texas A. & M. College. 

4269 Waxman,J.H.,Carnegie Tech. Schs. 

4270 Coward, H. F., Union College. 

4271 Hoyt, М. S., Union College. 
Total, 87. 


The Panama Canal* 


The first attempt of the French engi- 
neers to construct a canal across 
Panama was without careful sur- 
vey and no thought of sanitation. À 
story illustrating the unsanitary con- 
ditions existing ай that time is as 
follows: Ап engineer was sent by 
his chief to investigate certain work 
and was to report the next morning. 
He did not report at the appointed 
time, and on inquiry it was found that 
he had already been buried two hours. 
The second attempt of the French was 
made in 1894. Careful surveys were 
made and work started, but dishonesty, 
combined with the deadly work of the 
mosquitoes, seems to have been the 
cause of failure. The engineers of the 
United States Government carefully 
surveyed 13 different routes before the 
present route was chosen, the choice 
being greatly affected by the position 
of the Chagres River and the Panama 
Railroad. The Chagres River has very 
large floods at times, and these would 
interfere with the operation of the canal. 
By means of the Gatun dams, the river 
is made to form a large lake, this lake 
will be part of the canal water course, 
thus saving considerable excavating. 
''he maximum flow of the Chagres 
River for 36 hours would only raise the 
level of the lake one foot. "The canal 
is 40 miles from shore to shore, with the 
Atlantic end west of the Pacific end. 
At the widest part it is about 1,000 feet 
in width, and about 300 at the narrow- 
est. "The level of the canal 15 85 feet 
above the sea, with three locks at each 
end to raise the ships entering and to 
lower those leaving. The entire work 


* Abstract of an address by Mr. D.B. Rushmore 
before the Pittsfield Section on February 2, 1911. 
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at present is under Col. Goethals. He 
has divided it into three parts, two of 
which at the Atlantic end are in charge 
of army officers, and one at the Pacific 
end, in charge of civilians. Very 
little electrical apparatus is being uscd 
at present, the work being started with 
too much haste to allow time for its 
installation. But later, the operation 
of all valves and gates, each of which 
weighs 750 tons, will be by means of 
electric motors. Тһе amount of work 
in the Culebra cut is prodigious. At 
this point the canal will be 534 fect 
deep. Steam shovels taking two cubic 
yards of earth at each bite, and from 
15 to 20 bites a minute, keep а continu- 
ous stream of loaded cars moving out 
of the cut. The most important de- 
partment is the Sanitary Commission. 
The first work of the commission was to 
clear, pavc, and turnish with pure water, 
the cities in which the workmen must 
live. When this was done, the mos- 
quitoes had to be eliminated. Men are 
kept busy squirting oil on the marshes 
and water holes to prevent the breeding 
of this pest, as a precautionary measure 
against vellow fever. 


Visual Sensation in the Alter- 
nating Magnetic Field 


BY J. B. WHITEHEAD 


In a recent note published in the 
Proceedings of the Royal Society 
(B. 82, 557) Professor ©. P. Thompson 
describes a simple experiment by which 
an influence of the magnetic field. on 
visual perception has been detected. 
The subject's head was placed inside 
a coll which carried an alternating cur- 
rent and the result described is the 
perception of a sensation of light even 
with the eyes closed. It is also stated 
that this apparent light flickers. 

The report is interesting chiefly 
because there has apparently been no 
other observation of an influence of a 
magnetic field on human sensation. 


ЖА paper presented to the Baltimore Section, 
A merican Institute of Electrical Engineers, Janu- 
ary 20, 1911. 
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As the strength of available unidirec- 
tional magnetic fields has increased 


there has resulted no change in the 
usual absence of all influence on non- 
magnetic substances, including the 
human body. With the use of a chang- 
ing or alternating ficld, however, in- 
duced electromotive forces enter, and 
since the body has shown appreciable 
conductivity under other conditions 
there is apparently nothing surprising 
in the results of Thompson's experi- 
ment. 

Since the intensity of the effect is 
comparatively small the matter 15 
perhaps of less interest to the electrical 
engineer than to the physiologist and 
psychologist. In view of the possible 
psychological interest involved the 
writer was approached by Professor 
Knight Dunlap with a request to 
` coóperate in reproducing and possibly 
extending Thompson's experiment. 
From Thompson's description the re- 
sults were not particularly marked and 
the intensity of the magnetic field not 
great. It appeared possible therefore 
that a knowledge that current was in 
the coil, bv its hum or by other means, 
might by suggestion cause an apparent 
flicker of the idio-retinal light. Тһопар- 
son used a coil 9 in. internal diameter, 
Sin. long and containing 32 turns. His 
maximum current was 180 amperes at 
90 cvcles, thus resulting in a total 
of 5760 ampere turns. [t appeared 
easy therefore to reproduce and inten- 
sify the conditions. Accordingly а 
coil 10 in. in diameter and 8 in. long 
was wound with 27 turns of 250,000 
circular mil cable. Тһе head can be 
readily inserted in this coil without 
touching it at any point, a condition 
not invariably possible with a coil 
built on Thompson's specification. This 
сой was hung with its axis vertical 
and at such a height that the seated 
subject could be in a normal attitude. 
Arrangements were made so that the 
load of the nearby transformer could 
be shifted from the coil to a resistance, 
thus removing the hum of the trans- 
former as an indication that the coil 
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was excited. Тһе coil itself. yielded а 
shght hum and this disturbance was 
obviated by keeping a telephone re- 
ceiver permanently connected to the 
transformer terminals; this receiver 
gave a note sufficiently loud to drown 
the other sounds. 

Тһе limits of the first arrangement 
of transformers were reached “t 200 
amperes, ог 5400 ampere turns, t.e., 
slightly below Thompson's maximum 
value. The frequency was 60 cycles. 
Under these conditions Professor Dun- 
lap with head in the coil and eyes closcd 
was able to state invariably, through 
many trials, whether or not the current 
was in the coil, by means of the re- 


sulting alteration іп the idio-retinal 
light. The writer on the other hand 


could detect nothing. and of the several 
subjects who tried only one or two were 
conscious of a slight sensation. 

With а rearrangement of trans- 
formers a current strength of 440 am- 
peres at either 25 or 60 cvcles was 
reached. The effect was now readily 
perceived by all who tried for it. [t 
appeared to the writer as a flickering 
blue-white light which filled the entire 
field of vision. It was also readilv 
perceived with the eyes open in bright 
daylight though it did not obscure 
seriously the perception of surrounding 
objects. Тһе sensation appeared to 
be greatest in the outer limits of the 
field of vision. The writer could not 
detect any difference in the frequency 
of flicker when the change was made 
from 60 to 25 cycles. Professor Dun- 
lap, however, considered the flicker to 
be less rapid at the lower frequency. 
Several subjects noted slight twitchings 
of the eyelids and one or two shght 
subsequent headache. 

The most interesting result of the 
experiments is the variation of the 
effect with a change of the position of 
the head relative to the direction of the 
magnetic field. The sensation 1$ great- 
est if the head 1з vertical along the axis 
of and completely within the coil. It 
is plainly perceptible however with the 
head withdrawn so that the lower plane 
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of the coil is tangent to the top of the 
head. If, however, the head be placed 
either at the top or the bottom of the 
coil so that the axis of the coil passes 
through the head from front to back or 
vice versa, $.е., if the axis of the coil 
and the occipito-frontal axis are parallel, 
there is a marked lessening of the effect. 
When the head is placed so that the 
axis of the coil takes the third direction, 
t.e., along the line from ear to ear, 
the effect is restored to the higher in- 
tensity. 

The general direction of the optic 
pathway is parallel to the occipito- 
frontal axis. In the positions of the 
head in which the effect is greatest this 
axis 15 perpendicular to the direction of 
the magnetic field, and parallel to the 
same when the effect is least. This 
therefore suggests the presence of an 
induced electromotive force іп the 
filament of the optic nerve. This 
explanation is hardly tenable however 
since in each of the positions of the 
head the optic nerve was practically 
at the center of a magnetic field sym- 
metrical in the horizontal plane. 
sequently the induced electromotive 
force mentioned should only occur 
when the head is shifted away from the 
center of symmetry; the coil was not 
large enough to permit any appreciable 
movement of this nature. There re- 
mains the fact that at the ends of the 
coil the magnetic field is sharply di- 
vergent, and if the sensations are due 
to a magnetic property of the tissues 
or nerves of the head, variations would 
be expected under the conditions in 
which they are observed. Professor 
Dunlap to whom are due the initiative 
and principal labor of the experiments, 
hopes to carry the investigation further. 

Professor Dunlap has published a 
description. of the same experiments 
in a letter to Science (N. S. XXXIII, 
68-71, 1911) іп which they are de- 
scribed from the point of view of the 
psychologist. Тһе reader who may be 
interested in this phase of the subject 
is therefore referred to Professor Dun- 
lap's letter. 
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The Legitimacy of the Terms 
“ Decelerate’’ and ‘‘ Dee 
celeration ** 


BY CHARLES P. STEINMETZ 


As the propricty of using the terms 
“ decelerate ” апа “ deceleration " has 
been challenged in the PROCEEDINGS, 
and as I have used these terms to a 
considerable extent for some years, a 
defense of their legitimacy appears 
appropriate. 

Incidentally, it is interesting to note 
that in the last edition of the Century 
Dictionary the terms “ decelerate"’ 
and ‘ deceleration " are recognized as 
correct English. 

The justification of these terms de- 
pends on the answer to the threc 
questions: 

1. Whether it is permissible to intro- 
duce new terms into an existing lan- 
guage. 

2. Whether there is a need for the 
terms ‘‘decelerate’’ апа  ''declera- 
tion.” 

3. Whether these terms are formed 
correctly. 

1. With the progress of the human 
race, new ideas are evolved, and new 
expressions for them have to he intro- 
duced into the language, and the de- 
velopment of a language thus can be 
closed only when it has become a dead 
language. This is not the case with 
the Latin language, as it is the language 
of scientific and engineering terminology 
and certainly not with the 
language, and it will therefore be 
generally conceded that it is legitimate 
to introduce new terms into the English 
language, if they are needed. 

2. The question thus 15, whether 
the terms ‘ deceleration " and “ de- 
cclerate "аге needed? ‘ Deceleration ” 
is synonymous with “ retardation ”, 
and thus would not be needed, though 
it offers some advantage in its antithesis 
to ''acceleration ”'. The noun “ de- 
ccleration " has been introduced as 
natural consequence of the verb '' de- 
celerate ". This is not synonymous with 
"retard ". — '" Accelerate " is a verb 
transitive and intransitive: “ The mo- 
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tors accelerate the train ". '' The train 
accelerates ". ‘‘ Retard" however 15 
verb transitive only: “Тһе brakes 
retard the train ", but not '' The train 
retards ". With the development of 
engineering, and more particularly the 
theory of electric railroading, the need 
appeared of a verb transitive and in- 
transitive, having the opposite meaning 
of ‘accelerate ”. Three ways for 
satisfying this need were available: 

a. To extend the meaning of “ re- 
tard ”', by using it as verb intransitive. 
This has been done to some extent, 
and such expressions as “ The train 
retards ", can be found in engineering 
literature. Such extension of the use of 
a term which had already a fixed mean- 
ing, is however hardly desirable. 

b. То use the Anglo-Saxon expression: 
“slow down ” апа '' speed ар”. The 
objection thereto is the absence of cor- 
responding nouns, as composite nouns 
"the speeding ар”, “the slowing 
down ", are not best language. The 
main objection however is the unin- 
telligibility of these terms to foreigners, 
as anybody will appreciate when at- 
tempting to read a technical publication 
in one of those languages where a 
mistaken patriotism had led to a 
nationalization of technical terms. 

c. The introduction. of the term 
“ decelerate ". The latter appears the 
most feasible solution, and entirely 
legitimate, if the term is correctly 
formed. 

3. Question then 15; 
celerate " is correct in its derivation. 
That is, whether it 1$ permissible to 
denote by the prefix de- the reversal of 
an idea, when the prefix ad- represents 
accentuation. I believe this is the 
case, and is in accordance with the use 
of these prefixes, and analogies to 
“ celero", ‘‘accelero’’, "''decelero '', 
can be found. Such an analogy, for 
instance, appears to me given by the 
terms '' secando", “ascendo ", “‘ de- 
scendo " (climb, climb up, climb down), 
which all three are classic Latin. 

In conclusion then, it seems to me: 

l. It 1s permissible to add to a living 


whether ''de- 
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language by the formation of new terms, 
if these terms are needed and are cor- 
rectly formed. : 

2. The verb “ decelerate '' 15 needed, 
and with it the noun “ deceleration ”’. 

3. It is derived correctly, in ас- 
cordance with the usage of the Latin 
language. 


Desirable Technical Words 
BY E. Е. F. CREIGHTON 


It has been predicted that the 
scientist of the future would necessarily 
be forced to become a narrow spccialist 
on account of the great volume of 
accumulated information on а mul- 
tiplicity of subjects. It seems, how- 
ever, that this tendency to narrowness 
will be fully compensated by an opposite 
one in the form of general or universal 
laws which apply with equal force to 
many or all branches of science. Such 
universal laws might make it possible 
for even a mediocre mind of the future 
to comprehend as easily as a brilliant 
mind of the present, branches as widely 
separated as chemistry and psychology. 

Teachers to-day and many engineers 
are forced to carry much useless dead 
wood and students usually waste much 
more time and mental energy than 15 
necessary. Ап example, perhaps the 
most deplorable, is the use of the Eng- 
lish system of weights and measures. 
Another cxample is the use of technica’ 
words which have various meanings. 
Universal laws will naturally come about 
as more data are collected and digested, 
but the waste of brain energy on need- 
less complication will continue by the 
law of usage unless a constant cffort 
is made to classify and simplifv our 
technical language. It behooves, us, 
thereforc, to examine carefully every 
new word and term that enters the 
technical vocabulary. Once fixed in the 
literature, objectionable words assume 
the form of the English incubus in 
weights and measures. 

A class of the most obiectionable 
words are words of general meaning in 
common use in non-technical languagc 
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which have been adopted into technical 
literature to mean a definite specific 
thing. As soon as the attention is 
diverted by the question of the in- 
tended use of a word, whether in the 
technical or non-technical sense, the 
force of concentration is lost. Every 
teacher of physical science has ex- 
perienced the difficulty of getting stu- 
dents to realize that the familiar words, 
power, work, and energy do not mcan 
technically what the dictionaries give 
as the definition of common usage. It 
takes years of otherwise needless train- 
ing to unlearn the common meaning of 
the words. 

А number of eminent engineers have 
had the courage to use a new word 
“ deceleration '" which opens up а con- 
troversy as to its propriety. "The Latin 
dictionary gives analogous formations 
in such words as '' decrescere," to de- 
crease, derived from the Latin word 
“ crescere" to grow. This is exactly 
analogous to '' decelerare ”, to decrease 
in speed, derived from ''celerare " to 
increase in speed. Two Latin scholars 
have informed me that there 15 full 
justification for its formation. "There 
is a much stronger reason for its use. 
The word '' deceleration ” (or one with 
a similar sound) to express the technical 
sense of acceleration when а body is 
slowing down, is greatly needed. The 
condition of mind does not accept re- 
tardation and this is not alone on 
account of the sound. The definition 
of force is never mass multiplied by 
retardation, for the reason, if for no 
other, that a body at rest-cannot be 
retarded. Perhaps the definition. of 
retardation as the rate of change of 
velocity is equally unusual. These defi- 
nitions are firmly associated in the tech- 
nical mind with acceleration. College 
professors talk of acceleration and let 
the algebraic sign indicate whether the 
velocity is increasing or decreasing. 
One often hears the term negative 
acceleration. This term is somewhat 
incongruous and twice as long as “ de- 
celeration ” Retardation is а non- 
technical word with several meanings. 
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In one definition to retard means to go 
at a slower speed. This meaning must 
be unlearned in technical training and 
it adds a needless mental effort. 

Some vears ago the writer was a party 
to an endcavor to use the term lightning 
to cover technically the whole phe- 
nomena of internal surges in an elec- 
trical transmission circuit. "This use of 
the word caused so much confusion that 
everyone involved was glad to drop it. 
Much confusion would be avoided by 
following the rule: Never adopt a 
general non-technical word in a rc- 
stricted technical sense. 

Retardation has had sufficient use as a 
technical word to establish its position 
in literature and so long as its use 15 
known to be in the technical sense no 
one need misunderstand it. Десёета- 
tion is used by so many eminent engi- 
neers that it also assumes a position of 
good usage, and it has, moreover, the 
advantage that no one can possibly 
confuse its meaning with any of the 
several non-technical definitions of 
retardation. Clearness and conciseness 
would in any case be of more im- 
portance than purity of derivation. 

United Engineering Society 

TREAsURER'S REPORT 
New York, January 26, 1911 
To the Board of Trustees, 
United Engineering Soctet y. 

I beg to submit herewith report of 
your treasurer as of December 31, 1910. 

From the balance sheet submitted 
herewith it appears that our physical 
property over and above the value of 
the building and our equity in the land 
consists of building equipment amount- 
ing in value to $16,767.72, furniture and 
fixtures $4,376.92, and library books 
$205.16. 

During the усаг 1910 there was added 
to the furniture and fixtures account 
an amount representing an expenditure 
of $1,455.72 including furniture in the 
board room and ladies’ reception room, 
directory and bulletin boards, partition 
and counter in Room 607, and mis- 
cellaneous items; and books for the 
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library amounting to $205.16, the cost 
of the library books being charged 
equally to the three founder societies 
in accordance with agreement. 

The principal of the mortgage on the 
land held by Andrew Carnegie, Esq., 
amounting originally to $540,000 has 
been reduced by payments from the 
land and building funds of the founder 
societies to $220,000; the American 
Institute of Mining Engineers having 
made a further payment of $3,000 dur- 
ing the year, correspondingly reducing 
the burden on the founder societies for 
payment of interest. 

The gross operating expenses for the 
year 1910 were $35,961.97. Deducting 
the expenditures for furniture and 
fixtures to the amount of $1,455.72, 
the net cost is $34,506.25, which is 
slightly in excess of that of 1909, due 
to the fact that the building is now 
practically full to its capacity, necessi- 
tating the use of more electric light, 
power, heat, etc., and a small increase 
in the service payrolls. 

In accordance with a resolution of 
the Board at the meeting held on Janu- 
ary 27, 1910, an appropriation of ap- 
proximately $5,000 was made out of the 
surplus remaining from the year 1909, 
and this amount ($5,062.50) was in- 
vested in New York City 41^. Bonds 
as an addition to the Contingency and 
Renewal Fund, as provided for in the 
Founders’ Agreement, bringing the 
Reserve Fund up to $15,331.25. It is 
recommended that а similar appropria- 
tion be made out of the available balance 
from this vear's operations leaving a 
surplus to be carried forward, of 
$5,060.88. 

The assessments paid for the year 
1910 by the founder societies each oc- 
cupying one entire floor were $4,500 
cach, representing a total expenditure 
Бу each, including interest on its full 
principal of mortgage on land of $11,700 
reduced in each case to the extent the 
society may have paid of part of its 
mortgage share. Ав the associate so- 
cieties аге assessed approximately 
$10,000 for equivalent facilities, it will 
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be seen that the founder socicties are 
still carrying more than their propor- 
tion of the carrying charges for equiva- 
lent office space occupaney іп the 
building. 

Attention is called to the fact that on 
January 1, 1911, the unoccupied floor 
space in the building was equivalent in 
rental value to 18 per cent of the total 
space available for assessment, and not 
including Room 705 which is used by 
the trustees as a board room. Even 
this room is occasionally used by other 
societies or organizations. 

Attention is particularly directed to 
the small number of times the audi- 
torium has been occupied during the 
past year; 36 times in 1910 as compared 
with 30 times in 1909; and the relatively 
small demand for the two assembly 
rooms on the fifth floor, No. 1 having 
been occpuied 25 times and No. 2 53 
times, in 1910; as compared with 26 and 
48 times respectively in 1909. Тһе 
limited use made of the auditorium and 
of the two assembly rooms, the income 
therefrom barely covering their quota 
of the fixed charges, continues to be a 
problem in the economical administra- 
tion of the building. 

During the year 1910 there have been 
the following changes 1n the assignment 
of space in the building: 

l. Owing to the greater demand for 
office occupancy than for lecture rooms, 
the large room on the sixth floor, known 
as Lecture Room No. 6, has been with- 
drawn from the list of lecture rooms and 
1$ now occupied as an office and museum. 

2. The room on the twelfth floor, 
originally held in reserve for possible 
future extension of the library or for a 
museum, has been utilized since the 
building was first occupied as a general 
storeroom for the three founder so- 
cieties. Late last summer the books 
and stock stored in this room 
moved to other but less convenient 
places in the building and the room 
divided by partition into two sections, 
giving with the small adiacent lecture 
room on the twelfth floor, a suite of 
three rooms which is now used in the 


were 
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evenings by the Columbia University 
Extension Course in Architecture. 

During the past year the facilities of 
the building were enjoyed by 60 so- 
cieties, founder and associate, with a 
total of 251 meetings and an attend- 
апсе of 30,722, as compared with 52 
societies. with a total of 211 meetings 
and an attendance of 25,338 in 1909. 

The attendance at the library is 
given іп the following table: 


1910 1909 1908 

Паў RR REC 6535 5901 5151 
ING ts ko 0 eue REDI A 2795 2402 2080 
То{а]............... 9330 9303 7231 


This shows ап increase іп 1910 ав com- 
pared with 1909, of 634 іп day attend- 
ance, and 393 in night attendance, a 
total of 1,027. Тһе library is becom- 
ing more widely known, and the books 
and periodicals are more and more fre- 
quently consulted by a constantly in- 
creasing number of both members and 
non-members. 


BALANCE SHEET, JANUARY 1, 1911 


ASSETS 
Real Estate, Land. .............. $ 540,000.00 
Real Estate, Building............ 1,050,000 00 


Real Estate, Equipment.......... 
Furniture & Fixtures ......... 

New York City bonds (cost) reserve 
New York Citv bonds (cost) reserve 


16.767 .72 
4.376.92 
5,231.25 
5,062.50 


Balto. & Ohio bonds (cost) reserve. 5,037.50 
Litrary books, United Engineering 

бос. (in Тгизт)................ 205.16 
Library adjustment accounts..... 164.20 
Accounts receivable... .......... 3,466 00 
Cash | 

Working ҺаГапсс..... 10,004 22 


5.000 00 
1,165.08 


For reserve fund..... 
Ways & Means Com. 16,169.30 


Petty сай а: деуи куюл 500 00 


1,646,980. 55 
ІЛАНПІТІЕ5 


Balance ofland mortgage 


А ЕВ ее ын 54,000 00 
Balance of land mortgage 
А.5.М.Е............. 81,000 00 
Balance of land mortgage 
ACTIONI Do. uito acere 85,000.00 
-------- 220.000 00 
А L.E.E. equity in Building....... 350.000.00 
A.S. M.E. equity in Building...... 350,000 00 


A.I.M.E. equity in building....... 330,000.00 
A.I.E.E. equity in real estate cquip- 


3,346.61 
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A.S.M.E. equity In rcal estate 
equipment... уа а ло 3,346.62 
A.I.M.E, equity in real estate 
едчїртеп&.................... 3,346.62 
A.I.E.E. payments to date т liqui- 
dation of mortgage on land.... 126,000.00 
A.S. M.E. payments to date in liqui- 
dation of mortgage on land.... 99,000 . 00 
A.I. M.E. payments to date in liqui- 
dation of mortgage on land.... 95,000 .00 
Depreciation & reserve fund..... 20,000. 00 
Ways and Means Committee.... 1,165.08 
Library, adjustment accounts..... 133.45 
Accounts payable................ 1,341.26 
Balance, cash, accounts receivable, 
furniture, ейс.................. 24,300.91 


1,646,980. 55 


STATEMENT OF RECEIPTS AND DISBURSEMENTS 
YEAR ENDING DECEMBER 31, 1910 


RECEIPTS 

Balance on hand January 1, 1910. 10,099.88 

Account of reduction of mortgage 
On: Indo н ru ташу ык 3,000.00 
Account of interest on mortgage.. 8,920.00 
Assessment of Founder Societies.. 13,500.00 

Assessment of Associate Societies, 
offices, meetings etc........... 35,661.79 
Library ассочп{................. 5,357.85 
Interest on bonds апа deposits.... 679.65 
71,219.17 

DISBURSEMENTS 

Account reduction of mortgage on 

ТАО wee weed ФЕДЕ ры о е6 3,000 00 


Account of interest оп mortgage.. 8,920.00 


Operating expense, cash expendi- 


Ие hs Loco US ee tre de 33,170.99 
Furniture & Fixtures............. 1,449.72 
Library account. а арна 5,271.60 
Bonds purchased (гевегуе)........ 5,062.50 
Accrued interest on bonds pur- 

chased 452 Bice aust wees 21.84 
Accounts payable (from 1909)... 1,150 00 
A.I.M.E. office space relcascd.... 2,809 33 
Insurance. ee deren ead saws 362.97 
Library adjustment.............. 819.89 
Library books, U.E.S.. ..... "m 176.11 


15,004 . 22 


77,219 17 


Balance on hand January 1,1911.. 


OPERATING INCOME AND EXPENSES YEAR 
ENvING DECEMBER 31, 1910 


INCOME 
Assessment Founder So- 
сїөйез............... 13,500.00 
Less refund бог office 
space released........ 2,809.33 
.-------- 10,690.67 
Assessment Associate Societies ... 23,824.30 
Assessment miscellaneous (offices 
and meetings)............. less 6,814.50 
Telephone returns..............- 3,284.00 
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Miscellaneous charges to societies. 851.17 Aero Club of Атпп.................... 2 780 
U.E.S. library book returns...... 205.16 Huguenot Soc. оРАт................ 1 24 
U.E.S. library returns. .......... 58.21 Met. Christian Science [nst........... 1 202 
Interest... oho EE ККАЛ; 657.81 Am. Civic АШапсе................... 2 64 
_ Cutler. 5сһоо1....................... 1 205 
46,385.82 Inst. of Operating Engrs.............. 1 90 
_EXPENSES West. Co. Chamber of Comm......... 1 49 
Operating expenses, gross......... 34,506.25 N. Y. Sanitary Milk Dlrs. Assn........ 2 50 
Furniture and Fixtures, gross.... 1,455.79 Ат. Gas 1пзйїш{е................... 2 920 
Reserve бипа.................... 5,000.00 N. Y. Smith College Club............. 1 200 
паналы ТТТ d ec p 362.97 Ат. Museum of баҒебу............... 2 156 
Balance to зигр!из............... 5,060.88 Fisk Опіуегзібу...................... ] 50 
Ее. El. Vehicle Assn. of Ат.............. 2 196 
46,385.82 Org. of City Officials S. P. 5.......... 1 5 
Natl. Soc. Pro. Ind. Ей............... 1 461 
SUPERINTENDENT'S REPORT OF MEETINGS AND Am. Elec. Ther. Assn wel. есж. uo ә а жоқта ж 0 тт 
ATTENDANCE, YEAR ENDING DECEMBER а. 
31, 1910 Totals суыра drea da 251 30,722 
At- 
Meet- tend- 
ings ance Past Section Meetings 
1910 1910 ATLANTA 
Am. Soc. Mechanical Ehngrs..... 2s 9 2771 The Atlanta Section held its regular 
Am, Inst. of Electrical Engrs......... 10 2513 р 
NY. Electrical елеу ла а; 5 867 meeting on February 1, 1911. Тһе 
М. Y. Railroad СічЬ................ 9 3839 program consisted of a paper Бу Mr. 
М. У. Telephone РОО 9 3267 А. М. Schoen, on “ Electrolysis.” Mr. 
Am. Soc. Htg. & Ventg. Engrs........ 4 447 Schoen was employed some years ago 
Blue Room Engineering Soc........... 11 569 з . 
Explorers СіаБ...................... 8 281 by the City of Richmond, Va., to make 
Technical Society of N. Y............ 4 71 a study of the electrolytic action which 
Am. Elec Ry. Аввп................... 2 181 was attacking the water pipes of that 
Municipal Engrs. of М. Ү............. 9 1223 city. There were at that time two 
Illuminating Engrg. Ѕос.............. 9 468 : : ; р 
Soc. Naval Archts. & Engrs........... 2 267 competing electric railway companies 
Am. Soc. Refrigerating Engrs......... 3 184 operating in Richmend. Мг. Schoen 
Railway Signal Аввп................. 1 225 made а complete electrolytic survey of 
Asansor Edison Comp ames акене 1 16 the region and his investigation showed 
Emp. State Gas & Elec. Assn......... 1 66 ; 
№. Y. Soc. Accts. & Bkprs............ 37 818 that great damage was being done to 
Musurgia босіеу.................... 1 504 (һе water system by current leakage 
Am, Geographical Society............. 7 3289 from the tracks of one of the railway 
N. Y. 5, А. О. Woman Suff..... 12 124 Д : , 
uA о анша баса d ы ompanics. Mr. Schoen's treatment 
State of М. У. Pub. бегу. Сотт...... 14 815 у р j А г. 
Second Intee; Cong: Réf: Ind. osos о — ОГ the subject was therefore based on 
Soc. Pro, Indust. Education... . ..... 0 — the practical side of electrolysis. The 
Joint Mtg. Con. of Nat, Вез.......... 0 — paper was received with much favor 
Grand Con. of Мизіс................. 0 -- апа considerable discussion followed. 
Soc. of Automobile Engrs............. 1 38 еда . 
Natl. Con. St. El. Rules........ о — Those taking part were: Messrs. H. P. 
Natl. Assn. Str. Steel Fab’rs........ 7:0 — Wood, С. 5. Yundt, Н. M. Keys, A. W. 
Optometrical Soc. of М. Y............ 10 468 Wilder, E. P. Peck, J. N. Eley, M. E. 
Theta Xi Ега«етпіу.................. 0 — B as М d ТТ : 
; onyun, and Professor Kell. Twenty- 
Am. Soc. Hung. Engrs. & Archts...... 11 132 у ЖӨ & 
Wireless Institutes v oos 9 160 five members and visitors were present. 
Am, Soc. Enginecring Contrs.......... 5 158 
Am. Railway Авзп................... 2 465 BALTIMORE 
Acn Сат Lighting Enero мо ев Ü = The regular meeting of the Baltimore 
Aeronautic бос...................... 0 — . | ‘ 
С inane een oon о — section was held on January 20, 1911, 
Tau Beta Рї......................... о - at John Hopkins University. Two 
Accountancy Students Guild.......... 8 579 papers were presented ав follows: 
Boone СОСКЕ Сынды Ше 2 189 « The Characteristics and Operation of 
Natl. Assn. Eng. & Boat Mfgrs....... c 16 Ti i5 E. Poles 4 Ol Cirean 
Western Union Elec. Society.......... 12 1202 ime Limit са» ЖЫП | | HS 
Nat. Ice Assn. of Аш................. 2 127 Breakers”, by А. S. Loizeaux, and 
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" Visual Sensation in the Alternating 
Magnetic Field ”, by J. B. Whitehead. 
Мт. Loizeaux explained the charac- 
teristic curves of the inverse time limit 
relay and the reason why the posi- 
tion of this curve, with reference to the 
capacity of the circuit, is а most im- 
portant consideration from the stand- 
point of continuity of service. The paper 
was illustrated by experiments with 
various types of relays. Dr. Whitehead 
described a series of experiments show- 
ing that an alternating magnetic field 
could be made to produce a visual 
sensation. 


CHICAGO 

At a joint. meeting of the Chicago 
Section with the Western Society of 
Engincers, held in the socicty's rooms 
on January 25, Professor Morgan 
Brooks gave a talk on his recent trip 
around the world. He exhibited a 
large number of stercopticon views of 
engincering and popular interest in 
Europe, China and Japan. About 125 
members of the two societies were 
present. 


CLEVELAND 

The January meeting of the Cleve- 
land Section was held in the Case 
School of Applied Science on. January 
23, 1911. Mr. C. D. Knight, of the 
General Electric Company, Schenec- 
tady, №. Y., presented а paper on “']т- 
dustrial Motor Control." А general 
discussion followed. The meeting was 
well attended, 64 members and visitors 
being present. 
DETROIT AND ANN ARBOR, MICH. 

The Detroit-Ann Arbor Sections 
newly authorized, held its opening 
mecting in the Hotel Tuller, Detroit, 
on January 25, 1911. Officers were 
elected for the remainder of the fiscal 
year as follows: Chairman, Professor 
C. L. de Мага; secretarv-treasurer, 
Professor Benjamin Е. Bailey; vice- 
chairman, H. M. Browne; vicc-seere- 
tary-treasurer, J. J. Woolfenden. A 
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committee was appointed to draft a sct 
of by-laws. 


Еокт WAYNE 

At the meeting of the Fort Wayne 
Section held on February 2, Mr. J. V. 
Hunter presented a paper on the sub- 
ject of '' Central Station Generation of 
Power at Mining Centers." The paper 
dealt with the practicability of genera- 
tion of power directly at the mine and 
its transmission to the point of consump- 
tion as a preference to paving the pres- 
ent freight charges on railroad trans- 
portation of coal fuel necessary for the 
production of a like amount of power. 
Tables were shown indicating that for 
certain capacities of output there might 
be an advantage in electrical transmis- 
sion of power and that for low outputs 
this transmission of power would not 
show a saving over transportation of 
fucl. The paper was discussed by 
Messrs. T. W. Веһап, E. A. Barnes, 
and L. A. Nordstrum. 


The regular February meeting was 
held on February 16. Mr. E. B. Hoff 
addressed the members on the subject 
“The Commercial Applications of 
Small Power Motors." The address 
was illustrated by a large number of 
photographs and diagrams showing the 
applications. of these small motors, 
ranging in size to one-quarter horsc- 
power. Мг. Ной also had with him а 
number of small power motors of dif- 
ferent designs. with. which. to. further 
illustrate his talk. The paper brought 
out an interesting line of discussion 1n 
which Messrs. Barker, of Lynn, Mass., 
T. W. Behan, M. J. Kehoe, and P. О. 
Smith participated. 


ITHACA 

Professor D. A. Moliter, С. E., ad- 
dressed the members of the Ithaca 
Section at a meeting held on January 27, 
on the subject, '' The Panama Canal." 
Professor Mohter discussed the relative 
merits of the sca level type and the lock 
type of canal as applicd to the Panama 
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route, and pointed out the engineering 
features which led to the choice of the 
Panama route in preference to other 
proposed routes for an Isthmian Canal. 


Los ANGELES 

The members of the Los Angeles 
Section met in the University of South- 
ern California on January 26. After a 
discussion of plans for the proposed 
Pacific Coast Meeting to be held іп 
Los Angeles April 25-28, Professor R. 
W. Sorensen gave a talk on “ Corona ”, 
accompanied by a demonstration with 
vaccum tubes and an induction coil. 
Professor H. La V. Twining discussed 
the theory of corona and gave a demon- 
stration by means of large resonators. 
The attendance numbered 73 members. 


MADISON, Wis. 

A joint meeting of the Madison Sec- 
tion with the local section of the Ameri- 
can Society of Mechanical Engineers 
was held in the engineering building, 
University of Wisconsin, on January 
17, 1911. Mr. A. L. Goddard, super- 
intendent of the University of Wisconsin 
machine shops, presented a paper en- 
titled. “Some Machine Tool Motor 
Drives." Mr. Alcan Hirsch, of the de- 
partment of chemical engineering, gave 
a talk on the subject, “ Alcohol Dis- 
tillation—New Methods of Improving 
the Efficiency of Commercial Ap- 
paratus.” 

Mr. Goddard took up the problems 
which must be considered if it becomes 
necessary to change from line shaft to 
individual motor drive for machine 
tools without replacing the old ma- 
chines by machines especially designed 
for motor drive. The solution as given 
by Mr. Goddard was as follows. Тһе 
motor was geared directly to a cone 
pulley similar to the pulley formerly 
used on the line shaft, and connection 
by means of a short belt was made to 
the cone pulley used on the machine. 
The pulleys were placed from 18 inches 
to two feet apart, center to center. 
To give the requisite belt tension of 
120 lb. per inch of width, the motor was 


PAST SECTION MEETINGS | 89 


mounted оп a movable platform, which 
in turn was pivoted on supports bolted 
to the machine frame in such a manner 
that the weight of the motor itself gave 
the required tension. By throwing a 
lever the motor could be raised slightly 
and the tension relieved enough to allow 
shifting of the belt from one cone step 
to another. This was in general the 
method used on all types of machines, 
but details of connections differed for 
different machines. Тһе speaker also 
compared briefly the relative merits 
of alternating-current and direct-cur- 
rent motors for driving machine tools. 
With  110-volt,* two-phase, 60-cycle 
induction motors no trouble whatever 
was experienced, but with 110-volt 
direct-current motors much trouble was 
caused by sparking and heating of the 
commutator. This was finally elim- 
inated by grooving out the mica be- 
tween the commutator bars to a depth 
of from one eighth to three sixteenths 
of an inch. In the discussion following 
the paper Mr. F. M. Conlee stated that 
the commutator troubles wcre probably 
due to the fact that the brushes on 
110-volt machines are usually made of 
a comparatively soft grade of carbon, 
and are of considerable width. With 
such a brush the hard mica between 
commutator bars 1$ not worn down as 
rapidly as the coppers; therefore, the 
commutator becomes rough and spark- 
ing and heating result. With 500-volt 
machines, using narrow, hard carbon 
brushes, this 1s not the case, and groov- 
ing of the commutator is not necessary. 

Mr. Hirsch's talk was an informal 
discussion of the work | done at 
the research laboratory of applied 
chemistry at the Massachusetts In- 
stitute of Technology in studying the 
problem of alcohol distillation with a 
view to raising the low efficiency of 
commercial apparatus. 


MEXICO 
The Mexico Section held its regular 
meeting on January 13 in the office of 
the Mexican General Electric Company, 
Mexico City. А paper entitled “Тһе 
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Tirrill Voltage Regulator” was read 
by Mr. H. C. Hawkins. Тһе paper 
covered the design and method of 
operation of the Tirrill Regulator. 


MILWAUKEE 


А joint meeting of the Milwaukee 
Section with the Engineers' Society of 
Milwaukee was held at the Plankinton 
House on February 4, 1911. Mr. К.С. 
Newhouse, engineer of the crushing 
and cement machinery department, 
Allis-Chalmers Company, presented an 
illustrated paper on “ Cement Machin- 
ery." Figures were given showing 
the growth of the use of cement during 
the last 30 years, indicating for the 
last 15 years a decrease in the quantity 
of natural cement and an enormous 
growth in the consumption of Portland 
cement. This growth has been accom- 
panied by the development of special- 
ized machinery to meet the demand. 
Slides were shown illustrating types of 
all machines used in the entire process. 
The course of the material from the 
rock or clay to the finished product was 
explained, together with the features 
which tend to limit the output at dif- 
ferent stages. About 75 members of 
the two societies were present. 


PHILADELPHIA 


In lieu of the regular monthly meeting 
50 members of the Philadelphia Section 
made a visit to the Camden power 
plant of the Public Service Electric 
Company on February 13, 1911. Тһе 
party was in charge of Mr. Paul 
Luepke, superintendent of the com- 
pany's southern division, and a special 
car was provided which took the visitors 
from the ferry to the station, returning 
to the ferry at 10 p.m. 


PITTSBURG 


The regular meeting of the Pittsburg 
Section was held in the rooms of the 
Engineers Society of Western Pennsyl- 
vania, Pittsburg, on January 10, 1911, 
with a total attendance of 130 members. 
Mr. A. M. Dudley, of the Westinghouse 


mirrorscope, 
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Electric and Manufacturing Company, 
read a paper on “ Induction Motors in 
Industrial Service." The paper was dis- 
cussed by Messrs. C. W. Drake, B. R. 
Shover, J. McKinley, and E. L. Farrar. 


PITTSFIELD 

At the bi-weekly meeting of the 
Pittsfield Section, held on January 19, 
the members were addressed by Mr. 
o. P. Harper, of the General Electric 
Company, on '' Electromagnetic Forces 
in Transformers." Mr. Harper's re- 
marks were illustrated by the use of the 
various diagrams and 
curve data being presented on the screen 
by that means. It was pointed out 
that around every conductor carrying 
an electric current there is set up a 
magnetic field. When two conductors 
of coils carrying current are placed near 
each other, mechanical forces of at- 
traction or repulsion appear, depending 
upon the direction of current and the 
direction of winding. In some classes 
of machinery these forces are used to 
produce motion. In the transformer 
both windings are rigidly clamped in 
position and the mechanical forces are 
not utilized. The mechanical forces 
under normal operation are not in 
general particularly severe. However, 
on large systems where there is suffi- 
cient power to maintain normal voltage 
under all conditions, the mechanical 
forces on short circuit may be enormous, 
amounting in some cases to hundreds of 
tons. Various means of resisting these 
forces are resorted to. Оп large shell- 
type transformers metal plates resting 
against the insulated projecting ends of 
coils are held together by steel bolts, 
the bolts being put under tension by the 
repulsion between primary and second- 
ary windings. After stating the prin- 
ciples governing thissubject, Mr. Harper 
illustrated his remarks by giving figures 
on an actual transformer which .was 
recently supplied to a large system in 
Chicago. On this sytem the generating 
capacity is one of the largest in this 
country, and in case of a short circuit 
the consequences are apt to be serious 
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unless all apparatus is very carefully 
designed. 


On February 2 one hundred and sixty- 
five members gathered at the Wendell 
Hotel, Pittsfield, to hear an address by 
Mr. David B. Rushmore, head of the 
power and mining department, General 
Electric Company, Schenectady, on 
“The Panama Canal." A brief abstract 
of Мг. Rushmore's address is printed 
elsewhere in this issue. 


PORTLAND, OREGON 

The regular monthly meeting of the 
Portland Section was held in the 
Electric Building, Portland, on January 
17, 1911. Мг. Е. T. Griffith, attorney 
at law, presented a paper on '' Conserv- 
ation of Natural Resources ”, in which 
he treated the legal and economic sides 
of the question. Тһе legal part of the 
paper set forth the laws of the State 
of Washington, the water code of 
Oregon, and the national laws relating 
to the subject. 
the laws were working hardships on the 
present users of power by not being 
explicit, and by imposition of taxes, 
licenses, etc., Mr. Griffith spoke of 
various remedial measures, dwelling 
at some length on the point that the 


conservation laws should be uniform. 


in all the states, and that the govern- 
ment should allow the states to collect 
all revenues, taxes, etc., themselves, 
this revenue to be used to support a 
water commission which would devote 
its time to regulations and the compila- 
tion of reliable data for public use. 


SAN FRANCISCO 

Professor Harris J. Ryan, of Stan- 
ford University, Cal., addressed the 
members of the San Francisco Section 
on January 27, 1911. Тһе meeting 
was held in the Home Telephone Build- 
ing, and 71 members were present. 
Professor Ryan reviewed his paper 
printed in the January PROCEEDINGS, 
entitled '" Open Atmosphere and Dry 
Transformer Oil as High Voltage In- 
sulators ", which was followed by a 


After showing why 
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discussion. Mr. С. F. Adams, of the 
Pacific Gas and Electric Company, 
showed а few curves pertaining to corona 
losses. А point of interest brought 
out in the course of Professor Ryan's 
discussion. was the effect of varying 
altitudes on corona losses. 


ST. Louis 

The St. Louis Section held its regular 
meeting in the Engineers’ Club of St. 
Louis on December 21, 1910, with Mr. 
George W. Lamke presiding, and a 
total attendance of 29. Professor 
Nipher, of the department of physics 
of Washington University, delivered 
an address on ''The Nature of the 
Electric Discharge.” 


The next meeting was held on Janu- 
ary 14. А paper on “ Motor Drive in 
the Steel Plant of the American Car 
and Foundry Company ” was read by 
Mr. Joseph A. Osborn, electrical engi- 
neer of that company. Ninety-seven 
members and their friends were present 


at the meeting. 


SEATTLE 

The Seattle Section held its December 
meeting in the Chamber of Commerce, 
Seattle, Wash., on December 17, 1910. 
Mr. Magnus Crawford presented a 
paper on ''Continuity of Service.” 
The paper gave an outline of the 
methods of one of the large power 
companies to secure continuous service 
over its long power lines, which pass 
through a rough country. Тһе com- 
pany assists farmers and contractors 
in doing blasting in order that the least 
possible damage may be done to the 
poles and lines. Much care is given 
to lines passing through sparsely settled 
territory and where but one set of 
wires is used. The methods of clearing 
trouble on the duplicated lines from the 
falls to Seattle and Tacoma evoked 
much interest. 


The next regular mecting was held 
on January 21, in the Central Building. 
Mr. А. А. Miller was elected chairman 
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for the coming year, апа Mr. Егіс ав to require special consideration, 
Whitney was elected secretary. Мг. particularly at switches controlling 


Whitney presented a paper on '' The 
Tirrill Regulator '", showing its con- 
struction and method of operation, also 
its various applications for governing 
voltage, power-factor and current. 


TOLEDO 

The regular monthly meeting of the 
Toledo Section was held on Friday 
evening, January 6, 1911. Mr. С. 
Burton Nickels, ef the Willys-Overland 
Company, addressed the members on 
the subject ‘‘ Some Phases of Commer- 
cial Enginecring Practice in the Auto- 
. mobile Industry." After giving a brief 
resumé of the history of self propelled 
vehicles and of the remarkable growth 
of the automobile business during the 
last decade, Mr. Nickels gave his at- 
tention to the factors of economic pro- 
duction in motor car building. Соп- 
sidegable stress was laid on the economy 
achieved by recent engineering design 
and by modern factory practice. Pic- 
tures of special machines, tools, fixtures, 


and automobile parts were distributed, . 


so that members were able to follow the 
detailed explanations of numerous cost 
suving processes utilized in the con- 
struction of Overland | automobiles. 
Among those who took part in the dis- 
cussion were Messrs. Neuber, Jewett, 
Hansen, and НШ. 


Dr. С.Р. Steinmetz, of Schenectady, 
N. Y., was the guest at a special meeting 
of the Toledo Section held in Zenobia 
Auditorium on January 27, and two 
hundred and five members апа their 
friends gathered to hear his lecture on 
'" Some Phenomena of High Power 
Circuits," In his opening remarks Dr. 
Steinmetz pointed out that until recent 
years the current escaping from lines 
as loss has been largely due to leakage. 
The recent development involving 
higher voltages has brought to the 
attention of the electrical engineer a 
powerful and different action of the 
nature of a sudden rupture explosive іп 
character, having so great a heat energy 


such circuits. The great repulsive effect 
exerted between lines carrying such 
high voltage currents makes necessary 
the exercise of great care in the dis- 
posal and anchoring of conductors. 
The development of the upright insu- 
lator to the suspension type has allowed 
of such increase in voltages that the 
problem now confronting transmission 
15 the breaking down of air with result- 
ing corona effects. The meeting was 
followed by a smoker at the Toledo 
Club. 


At the meeting held on February 3, 
Mr. Harry Caird, of the Excello Arc 
Lamp Company, of Chicago, gave a 
talk on flaming arc lamps as adapted 
to shop practice. The wiring diagrams 
of flaming arc lamps were illustrated 
by blackboard sketches, and the opera- 
tion and mechanical features of the 
lamps were explained by means of an 
Excello flaming arc lamp in operation 
for demonstrative purposes. Especial 
attention was given to the escapement 
feature for carbon feed control and also 
the are control as affected Бу the 
electro magnet. Practical problems 
arising in the economie disposal of 
lamps in workshops and factories were 
worked out by means of sketches. А 
neat and convenient safety feature in 
trimming and the care of lamps was a 
cut-out permitting all necessary care 
of lamps without interfering with the 
line circuit to and from the hanger 
carrying the lamp. 


TORONTO 

On Friday, February 10, the Toronto 
Section held a joint meeting with the 
Canadian Society of Civil Engineers, 
at which the following papers were 
read: ‘ Hydroelectric Power Develop- 
ment of the British Canadian Power 
Company ", by М. В. Gibson, S. M. 
Waldron апа А. L. Mudge; '' Hydro- 
electric Power Development for the 
City of Winnipeg ", Бу W. G. Chace. 
The papers covered the complete engi- 
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neering features of the installations, 
and were illustrated by numerous lantern 
slides showing the more important 
features of the development. The 
following members took part in the 
discussion: Messrs. A. E. Hibner, A. L. 
Mudge, J. G. Jackson, A. J. Soper, E. 
Richards, and Professor -R. W. Angus. 


A meeting of the Executive Commit- 
tee of the Toronto Section was held 
on February 10, with the following 
members present; E. Richards, chair- 
man, F. А. Gabay, J. С. Jackson, A. L. 
Mudge, А. E. Hibner, апа W. Н. 
Eisenbeis, secretary. Тһе secretary 
was instructed to request Mr. H. W. 
Price to make arrangements to secure 
a suitable lecture room at the Univer- 
sity of Toronto for the Institute meet- 
ing on April 7, 1911. It was decided 
to hold an industrial power mecting on 
March 10, the night of the New York 
meeting, at which the papers to be 
presented at New York will be read and 
discussed. 


URBANA, ILL. 


The Urbana Section held its regular 
meeting on January 18, 1911. Profes- 
sor Harris ]. Ryan's paper оп “ Open 
Atmosphere and Dry Transformer Oil 
as High Voltage Insulators ", printed 
in the January PROCEEDINGS, was pre- 
sented in abstract by Mr. С. E. Bennett. 
Mr. Bennett also presented curves from 
the original tests made by the different 
investigators in this line, as well as 
from physicists who have made exten- 
sive investigations along the line of 
conduction in gases. Тһе ionization 
theory was taken up in detail and dis- 
cussed in its bearing on the question 
in hand. 

Professor Brooks expressed his sur- 
prisc at the magnitude of losses per mile 
of wire shown in some of the tests and 
represented by the formulas given in 
the paper; also as to the point at which 
corona will start at very high voltages. 
He discussed the bearing of the line 
Josses from this cause upon the design 
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and construction of transmission lines, 
bringing out the point that these light 
load losses may be a considerable part 
of the output of the station and will 
limit the capacity of stations for long 
distance transmission to those having 
a large output. 

Professor Bryant discussed the paper 
from the standpoint of the measure- 
ments of losses and other quantities, 
the instruments used for the measure- 
ment of the quantities entering into 
the design of this tvpe of apparatus. 
“It is very difficult to construct a 
wattmeter to measure small amounts 
of power where a very high electromo- 
tive force and a very small current are 
operating at a low power factor. Num- 
erous investigators have attempted to 
make these measurements accurately, 
but in all cases some uncertainty has 
always entered to prevent accurate 
determinations. It was thought at one 
time that the losses could be measured 
on the low voltage side of a transformer 
used to step up to the high potential 
and subtracting the losses of the trans- 
former as determined at no load charg- 
ing the remainder to the transmission 
line. It has, however, been found that 
in very high voltage transformers there 
are internal losses brought about by 
the connection of the transmission line 
which are not measurable at no load. 
This reason makes the measurements 
taken by this method rather uncertain 
in their value. Тһе voltage at which 
corona is formed between wires of dif- 
ferent sizes and different spacing 15 
difficult to determine accurately. Pro- 
fessor Rvan makes the point that there 
are several stages in the production of 
corona depending upon the previous 
conditions of the atmosphere, the sur- 
face of the wires, and other unknown 


variables. Dr. Whitehead's work upon 
this subject forms a very valuable 
contribution. The work of Professor 


Ryan in compiling the data thus far 
published and offering a logical сх- 
planation for the variations. noted in 
that data forms а addition 
to the literature subject. 


valuable 
upon the 
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The Institute is to be congratulated 
upon the receipt of such a paper." 


Past Branch Meetings 
UNIVERSITY OF ÁRKANSAS 
Тһе regular meeting of this Branch 
was held on January 18, 1911. Profes- 
sor W. N. Gladson, head of the elec- 
trical engineering department, deliv- 
ered a lecture on “ Modern Develop- 
ments in Electrical Engineering." Pro- 
fessor Gladson.spoke of the many ap- 
plications of electricity, and described 
some of the methods employed іп elec- 
trochemistry, particularly the commer- 
cial application of the electrolysis of 
water, and the refinement of copper. 
The refinement of platinum was also 
discussed. Twenty-five students at- 
- tended the meeting. 


The next meeting of the Branch was 
held оп February 15. Тһе program 
was as follows: Review of the In- 
stitute paper on ''Interpoles in Syn- 
chronous Converters ", published in 
the November 1910 PROCEEDINGS, by 
W. R. Purcell, discussed by Professor 
Stelzner; paper on ''Foundations for 
Block Signals ", by L. В. Cole; '' Engi- 
neering Mathematics ", by Professor 
Harding. Professor Harding discussed 
the application of mathematics to 
engineering as a mind developer, rather 
than as a method of calculation. Не 
stated that the study of mathematics 
develops application, concentration, and 
perseverance; and that no matter what 
work one may be engaged in, ability to 
grasp and analyze a problem, as 1$ 
developed by mathematics, 1$ essential 
to success. 


ARMOUR INSTITUTE OF TECHNOLOGY 

The Armour Institute Branch held 
its regular meeting on February 2, 1911. 
Mr. T. C. Oehne presented a paper on 
“ Automatic and Semi-Automatic Tele- 
phony.” Мг. Oehne sketched briefly 
the historical development of automatic 
systems which have been devised by 
Various inventors. He gave a detailed 
description of the system which has 
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been applied in a few cities in Indiana 
and Ohio. The chief points of difference 
between this system and other auto- 
matic systems were explained, as well 
as its merits and disadvantages. 


CASE SCHOOL OF APPLIED SCIENCE 

A meeting of this Branch was held 
on January 9, with an attendance of 
19 members. Mr. Ziechman gave a 
talk on “ Development of the Oscillo- 
graph ", in which he described the con- 
struction of various types of the os- 
сШортарһ. Mr. Fitzsimmons gave a 
paper on “ Effects of Higher Harmonics 
in Alternators.” 


The meeting of January 16 was de- 
voted to a discussion of the synchronous 
condenser. Mr. Guinther contributed 
with a paper on the “ Theory of the 
Synchronous Condenser’, treating of 
its general properties, computation of 
size, and uses for power. Mr. Thomas 
spoke on ''Commercial Uses of the 
Synchronous Condenser"', giving the 
view of different authorities on the sub- 
ject, and discussing special designs for 
condensers when not used for power. 


UNIVERSITY OF COLORADO 

The University of Colorado Branch 
held its regular meeting on January 
18, 1911. Mr. Н. J. Buell, business 
manager for the Northern Colorado 
Power Company, addressed the mem- 
bers on the subject, ‘ Sale of Electric 
Power." Twenty-five members were 
present. 


On February 1 a large number of 
students of the Branch were addressed 
by Mr. Wiliam Trudgian, of Denver, 
who gave an informal talk on the stu- 
dent apprenticeship courses of the 
Westinghouse Electric and Manufac- 
turing Company. 


Iowa STATE COLLEGE 
The members of the Iowa State Col- 
lege Branch met in the engineering 
hall of the college on February 1 to 
review the visits made by them to fac- 
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tories and power plants during their 
inspection trip to the cities of Chicago 
and Milwaukee. The program was as 
follows: National Underwriters Labora- 
tory, C. E. Velie; Chicago Automatic 
Telephone System, B. L. Parker; 
Indiana Steel Company, Gary, Ind., 
Е. Н. Klippy; South Side Elevator 
plant, George Brush; Commonwealth 
Edison Company’s plant, W. D. 
Cameron; Allis-Chalmers Company and 
Cutler-Hammer Manufacturing Com- 
pany, С. Е. McCune. 


UNIVERSITY OF KANSAS 

This Branch held its regular mecting 
on January 18. А committee was ар- 
pointed to make arrangements for a 
banquet. The technical program was 
as follows: “ Telephone Line Con- 
struction ", by Mr. Н. C. Louderbach; 
“Тһе Use of Low Pressure Turbines in 
‘Connection with Reciprocating Units," 
by E. L. Bray; “А Brief Review of the 
Electrical Growth of 1910 ", by L. A. 
Baldwin. 


On February 8 arrangements were 
completed for the banquet, to be given 
on February 25. Mr. V. E. Rockefeller, 
of Kansas City, Mo., gave a talk on 
the subject of how the consulting en- 
gineer handles the problems of а muni- 
cipal plant in a small town. 


STATE UNIVERSITY OF KENTUCKY 

The University of Kentucky Branch 
held its first meeting since its organiza- 
tion, on January 16, 1911. Тһе рго- 
gram consisted of one original paper by 
Mr. J. B. Sanders, on '' Recent De- 
velopments in Telephony ", and ab- 
stracts from two papers published in the 
December 1910 PROCEEDINGS. These 
were: “ Mechanical Forces in Magnetic 
Fields ", by C. P. Steinmetz, abstract 
by Mr. V. L. Downing, and “ Problems 
in the Operation of Transformers ”, 
by F. C. Green, abstract by Mr. J. A. 
Boyd. 

LEHIGH UNIVERSITY 

Тһе Lehigh University Branch held 

its regular meeting on January 17, 
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1911. Mr. E. C. Wilson read a paper оп 
“ Electric Lighting of Steam Trains,” 
All systems were described in detail, 
and cost data of the various equipments 
were given. Professor W. S. Franklin 
then gave some reminiscences of сх- 
amples of poor magnetic design. Mr. 
Jacob Stair, Jr., followed with a de- 
scription of the inspection trip which 
the senior electrical engincers had just 
made to New York and Schenectady. 


LEWIS INSTITUTE, CHICAGO 

Three hundred and fifty students and 
members attended the meeting of the 
Lewis Institute Branch held on January 
25 to hear Mr. Charles P. Madsen, of 
the Pelouze Electric Heating Company, 
of Chicago, discuss the development of 
electric heating appliances. Mr. Mad- 
sen referred to three classes of materials 
used for the resistor; first, loose com- 
positions, which develop heat owing to 
loose contact, but which are objec- 
tionable on account of the fact that with 
the rise of heat the resistance is re- 
duced; second, the chemical precipi- 
tates, in which a thin conducting deposit 
of an insulating material serves as the 
resistor; and, third, the various metal 
wires. Of the last class, alloys of 
nickel-copper and  nickel-chromium 
have proved the most satisfactory. In 
connection with these resistors, the 
subject of insulating materials which 
will also resist the action of heat is 
important. Lava, porcelain and mica 
have proved the most successful, while 
asbestos, glass and water glass lose 
their efficiency when heated. 


UNIVERSITY OF MISSOURI 

At the meeting of the University of 
Missouri Branch held on January 23, 
an original paper on “ Track Signaling ”’ 
was presented by Messrs. C. S. Lank- 
ford and E. C. McDonald. Mr. Lank- 
ford explained the construction and 
method of operation of the various 
types of signaling apparatus, and Mr. 
McDonald gave a description of the 
practical details of the operation under 
service conditions. The paper was 
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fully illustrated by diagrams and lan- 
tern slides. 


UNIVERSITY OF NEBRASKA 

The fourth regular meeting of the 
University of Nebraska Branch was 
held on January 19, 1911. Professor 
Philip К. Slaymaker spoke on the 
subject, “А Plea for the Draftsman ”, 
giving a resume of his experience in 
that profession. He remarked that the 
average draftsman’s work 15 recognized 
only by the initials placed on the blue 
print. Professor L. A. Scipio presented 
a paper on “ Ventilating Engincering.”’ 
He stated that the average building 
outside of the large cities is devoid of 
correct ventilating systems, and em- 
phasized the importance of a good air 
supply. The number of societies and 
publications devoted to the considera- 
tion of this subject, as well as the num- 
ber of manufacturers building venti- 
lating apparatus, was stated by the 
speaker to show the commercial and 
humanitarian importance of ventila- 
tion. 


NORTH CAROLINA COLLEGE OF 
А. AND М. ARTS 

This Branch held a meeting on Feb- 
ruary 15. A paper was presented by 
Chairman Willtam Hand Browne, Jr., 
on ' The Newly Adopted Value of the 
Weston Standard Cell." The paper was 
a review of the development of the dif- 
ferent standard cells, the difficulties 
in their preparation, and the result of 
the last investigation, also the effect 
of the change on scientific and com- 
mercial instruments now existing. 


OREGON STATE AGRICULTURAL 
COLLEGE 

This Branch held а special meeting 
on January 6, at which Messrs. G. A. 
Kumler and F. W. Loomis, both of the 
Н. M. Byllesby Company, addressed 
the members on the subject of illumina- 
tion. Mr. Kumler spoke of the manu- 
facture and efficiency of various types 
of incandescent tamps. Mr. 
spoke of illumination and demonstrated 
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the efficiency of various reflectors. 
Eighty-one members and visitors at- 
tended the meeting. 


The regular meeting of the Branch 
was held on January 9. Mr. E. R. 
Shepard reviewed the paper on “ Test 
of a 15,000-kw. Steam-Engine-Turbine 
Unit ", by Messrs. Stott and Pigott, 
appearing in the September 1910 
PROCEEDINGS. Mr. L. M. Harris gave 
a short review of current technical 
journals. Мг. J. К. Fairchild and Mr. 
F.C. McMillan delivered two papers on 
‘Radiating Bodies." These were the 
third and fourth of a series of papers on 
illuminating engineering. 


PENNSYLVANIA STATE COLLEGE 

A meeting of the Pennsvivania State 
College Branch was held on February 
7, 1911. Only business matters were 
transacted at this meeting. 


On February 14 Professor L. А. 
Harding gave а review before 92 mem- 
bers and students, of the present 
theoretical knowledge of the flying power 
of acroplanes. 


STANFORD UNIVERSITY 
The first regular bi-weekly mecting 
of the Stanford University Branch was 
held on January 25, 1911. The subject 
of the evening was a paper read by 
Mr. E. G. McCann on “ Underground 
Power Cables." 


THROOP POLYTECHNIC INSTITUTE 

The Throop Polytechnic Institute 
Branch held its first regular mecting 
on January 20. Mr. В. У. Ward 711 
gave a paper on “ Alteration Work ina 
Substation at Redlands, Cal', de- 
scribing changes made in the station 
without interruption to the service. 
А constitution and by-laws were 
adopted. 


On February 18 Mr. У. M. Steadman, 
of the National Electrie Company, of 
Whittier, Cal., gave a talk and demon- 
stration of the “ Sohme Annunciator ”, 
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as used in the national fire alarm system. 
Mr. Steadman demonstrated how the 
machine might be used in hotel service 
or in telephone central offices, and by 
its small size save about 80 per cent of 
the wiring, since a 20-wire machine is 
sufficient to call 100 customers. Mr. 
Virgil Morse also gave a short talk on 
the wire circuits for such a machine. 


WASHINGTON UNIVERSITY 

A mecting of the Washington Uni- 
versity Branch was held in Cupples 
Hall П on the evening of February 7. 
The program consisted of a discussion 
of the Washington University power 
plant. Mr. Couper presented the steam 
side, while Mr. Postel discussed the 
electrical. Messrs. Hardy, Pieksen, 
Siebert апа Hering also took part in 
the discussion. 


WORCESTER POLYTECHNIC 
INSTITUTE 

At the regular meeting of the Wor- 
cester Polytechnic Institute Branch 
held on January 27, Mr. Walter D. 
Stearns, electrical enginecr, and a 
member of the W. P. I. electrical engi- 
neering department, gave a talk before 
49 members and their friends, on “ Ad- 
vantages of Electric Drive." By means 
of examples and lantern slides Мг. 
Stearns pointed out the more important 
advantages in the application of energv 
through the electric motor. Electric 
drive introduces no mechanical trans- 
mission losses, and makes possible large 
prime movers and ап independent 
localization of power application. It 
enables accurate power measurement 
and holds operating losses nearly pro- 
portional to the amount of power used. 
Electric drive is safe, reliable, clean, 
possesses extreme flexibility, wide limits 
of speed adjustment, close regulation, 
and may quickly be replaced in case of 
fire. For electric drive comparatively 
light foundations апа buildings are 
necessary because of the absence of 
ahgnment dangers. High speeds are 
possible by electric drive; consequently 
pulleys, shafts and hangers may be 
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small. The cost of electrical equip- 
ment need be little if any greater than 
the cost of mechanical equipment to 
accomplish the same work, and at any 
time electrical equipment may be 
added to keep pace with the growth of 
the plant. 


Personal 
MR. FRANK KOESTER, consulting 
епріпсет, has opened an office at 115 
Broadway, New York. 


MR. R. F. TRENNERT, formerly clec- 
trician with the Los Angeles Aqueduct, 
is now electrician with the Great West- 
ern Power Company, of San Francisco. 


Мк. W. GEALE HEWSON has been 
appointed assistant engineer on mun- 
icipal work with the Hydroelectric 
Power Commission of Ontario, Toronto, 
Ont. 


— 


Mr. LAURENCE J. GALLAGHER has 
resigned from the engineering division 
of the United States Patent Office and 
has taken up the practice of patent law 
in New York City. 


Мк. К. J. HUGHEs has left the Pacific 
Gas апа Electric Company of San 
Francisco, and is now with the Electric 
Bond and Share Company, 71 Broad- 


way, New York. 
Мк. Егхавр С. LANGE, formerly 
with the National Tube Company, 


Kewanee, Ill., has accepted a position 
with the Oregon and Washington 
Railroad Company, Seattle, Wash. 


MR. WILLIAM H. Grove has resigned 
his position with the J. G. Brill Com- 
pany, Philadelphia, Pa., to become elec- 
trical designer іп the engineering dce- 
partment of the Brooklyn Edison Com- 
pany. 


Mr. D. М. Вілѕѕ, who a year ago 
joined the engincering staff of the Edi- 
son Laboratory, West Orange, №. J.. 
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as electrical engineer, has been ap- 
pointed chief engineer of the laboratory. 


MR. W. R. SHERWOOD recently re- 
signed from the Edison Electric Il- 
luminating Company of Brooklyn to 
accept a position in the engineering 
department of the Moore Light Com- 
pany, Newark, М. ]. 


Мк. А. L. KENYON, formerly chief 
engineer of the Empresas Electricas 
Associadas, at Lima, Peru, S. A., has 
accepted a position with the Georgia 
Power Cempany, as chief of construc- 
tion at Tallulah Falls, Ga. 


Mr. J. M. Wiley, electrical engineer 
of the Holly Sugar Company, Holly, 
Colo., 16 installing the electrical equip- 
ment for a motor driven beet sugar 
factory for that company at Huntington 
Beach, Cal. 


Mr. HENRY С. STOTT, past-president 
of the Institute, was elected a member 
of the Board of Directors of the Ameri- 
can Society of Civil Engineers at the 
annual meeting held in New York on 
January 18, 1911. 


MR. HENRY FLoy, consulting engi- 
neer, has purchased from the estate 
of the late Wiliam Н. Bryan, of St. 
Louis, the complete collection of data 
on depreciation accumulated by Mr. 
Bryan during his lifetime. 


Мк. GEORGE WILBUR HUBLEY, sup- 
erintendent and engineer of the Louis- 
vile Lighting Company, Louisville, 
Ky., was elected president of the 
Louisville Engineers and Architects 
Club at its annual meeting on January 
16. 


MR. L. P. ZIMMER has resigned as 
chief electrician. of the Bath Electric 
and Gas Light Company to accept the 
position of general’ manager of the 
Addison Electric Light and Power 
Company, Addison, N. Y. 
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Mr. P. J. Murpuy, of Ford, Bacon 
and Davis, has been transferred from 
the San Francisco office to the New 
York office, 115 Broadway, in connec- 
tion with new work in the Virginia 
coal fields. 


Mr. C. HaLLiDpAY, until recently 
shift operator for the Great Northern 
Power Company, at Fon du Lac, Minn., 
has resigned to accept a similar posi- 
поп with the Huronian Company, 
Turbine, Ont., Canada. 


Mr. FRANK V. SKELLEY, for the past 
year sales engineer іп the New York 
office of the Western Electric Company; 
recently resigned to accept a position 
with the Iri City Railway Company, 
of Davenport, Iowa. 


MR. AuGustT BERGGREN, for some 
years connected with Bergman and 
Company, A. B., consulting electrical 
engineers, Stockholm, Sweden, has been 
appointed chief operating engineer at 
Trollhatte Kraftverk, Trollhattan 
Sweden. 


MR. Guy CARLETON ВЕАр left the ` 
Cobalt Light, Power and Water Com- 
рапу, Ltd., on December 31, 1910, to 
accept a position as erecting engineer, 
with the Canadian Westinghouse Com- 
pany, Ltd., Hamilton, Ont., Canada. 


Мк. К. S. MassoN has removed from 
Prescott, Arizona, to Los Angeles, Cal., 
where the Electric Operating Cónstruc- 
tion Company has opened a new branch 
office at 705 Security Building. The 
principal office of the company 1s at 
49 Wall Street, New York. 


MR. C. W. RICKER, electrical engi- 
neer of the Cleveland Construction 
Company and the Warren Bicknell 
Company, of Cleveland, Ошо, has been 
appointed assistant general manager 
and chief engineer of the Havana 
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Electric Railway Company, of Havana, 
Cuba. 


Mr. Г. W. Рнпияғрв, who while 
working at St. Croix Falls, Wis., for the 
Stone and Webster Engineering Cor- 
poration, was taken ill with typhoid 
fever and removed to a hospital in St. 
Paul, Minn., is now recuperating at his 
home in East Lynn, Mass. 


Mr. N. M. ARGABRITE has resigned 
the management of the Public Service 
Operating Company of Belvidere, Il., 
to go with the American Gas and Elec- 
ігіс Company, and Ваз been assigned 
to the management of the Hartford 
City Lighting Company, Hartford City, 
Ind. 


MR. A. B. SMALLHOUSE, consulting 
electrical and mechanical engineer, 
formerly of Salt Lake City, Utah, has 
removed to El Paso, Texas, where he 
will continue іп business under the 
name of Smallhouse and Burke, Elec- 
trical, Mechanical and Mining Con- 
sulting Engineers. 

Mr. GEORGE M. ADLER, formerly in 
charge of the construction work of the 
New England Fish Company's new 
power plant at Ketchiken, Alaska, has 
returned from the North and accepted 
а position in the engineering depart- 
ment of the Los Angeles Aqueduct 
Power, Los Angeles, Cal. 

Мк. Ермім J. STOTLER, for nearly 
four years chief electrician of the Texas 
Portland Cement Company, Dallas, 
Texas, recently resigned to enter the 
electrical department of Smith, Kerry 
and Chace, engineers for the Mount 
Hood Railway and Power Company, 
Portland, Oregon. 


Mr. D. С. WoopwarpD having com- 
pleted the electrical installation work 
tor the General Electric Company at the 
Richmond, Va., municipal electric plant, 
has been transferred to Philadelphia, 
Pa., to take charge of car equipment 
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work for the Philadelphia Rapid Transit 
Company. 


Mr. E. В. MILLER, formerly super- 
intendent of construction for the Pan- 
handle Lumber Company at Ione, 
Wash., is now chief engineer of the 
Miller Engincering Company, Realty 
Building, Spokane, Wash., а newly 
incorporated company doing а general 
engineering and construction business, 


First LIEUTENANT К. P. HOWELL, 
corps of engineers, U. S. Army, has 
been relieved from duty with the Third 
Battalion of Engincers at Fort Leaven- 
worth, Kansas, and is now assistant to 
Lieutenant-Colonel Lansing IT. Beach, 
corps of engineers, who 1$ in charge of 
the New Orleans district of the Engi- 
gineer Department. 


MR. HAROLD KiRSCHBERG, until re- 
cently in charge of the illuminating 
engineering work of the Pennsylvania 
Railroad Company, Lines east of 
Pittsburg and Erie, has resigned to take 
up the engineering activities of the 
Heany Lamp Company, Novelty Incan- 
descent Lamp Company, and the Tip- 
less Lamp Company, with headquarters 
at York, Pa. 


MR. W. A. HALLER has again become 
associated with Sanderson and Porter, 
of New York. Mr. Haller was with the 
above named firm from 1900 to 1905, 
at which time he became general man- 
ager of the Mobile Light and Railway 
Company, and early in 1909 he took the 
position. of general manager and engi- 
neer of the Oklahoma Railway Com- 


pany, which position he filled until 
recently. 
Obituary 

Мк. ODDGEIR STEPHENSEN, electrical 
engineer with the Wagner Electric 
Manufacturing Company, St. Louis, 
Mo., and Secretary of the 5t. Louis 
Section of the A.L E.E., died in St. 


Luke's Hospital, St. Louis, on Wednes- 
day morning, February 1, 1911, of a 
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complication of diseases. Mr. Stephen- 
sen was born in Copenhagen, Denmark, 
on February 9, 1880. Не graduated 
from the University of Copenhagen 
with the degree of B.A. in 1899. His 
first emplovment was as apprentice 
to Ludvig Lund, of Copenhagen, manu- 
facturer of dynamos, motors, and @ес- 
trical apparatus and instruments. He 
left Copenhagen in 1902 and came to 
the United States, entering the cable 
testing department of the Western Elec- 
tric Company at Chicago, with which 
company he was connected until No- 
vember, 1904, when he became field 
draftsman for the Missouri Pacific 
Railroad Company. Early in 1906 
he went with the Wagner Electric 
Manufacturing Company as clectrical 
engineer. Мг. Stephensen represented 
the Institute at the Congress of Inter- 
national Association for Testing Ma- 
terials held in Copenhagen in September 
1909. He was also active in connection 
with the work of the Institute's local 
organizations, having been associated 
with the Urbana Section, and later as 
Secretary of the St. Louis Section. He 
was elected ап Associate оп April 27, 
1906. 


Library Accessions 
The following accessions have been 
made to the Library of the Institute 
since the last acknowledgment. 
American Electrochemical — Society. 
Transactions Vol. 18, 1910. 
Bethlehem, 1910. (Exchange.) 
American Institute of Electrical Enyi- 


neers. Year Book 1911. New 
York, 1911. 
Boston Transit Commission. Annual 


Report 16th 1910. Boston, 1910. 
(Gift of Boston Transit Commis- 
sion.) 

Congreso Cientifico (1? Pan Americano) 


Vol. VI. Matematicas Puras y 
Aplicadas. santiago de Chile 
1910. (Gift of 4? Congreso Cien- 


tifica (1° Pan Americano.) 

Electric Light & Power Plants in the 
East. Ву L. Hansen. Bangkok, 
1910. (Gift of author.) 
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Engineering Mathematics. Series of 
Lectures Delivered at Union Col- 
lege. By C. P. Steinmetz. New 
York McGraw-Hill Book Com- 
pany, 1911. (Purchase.) 

“Біте "апа address by W. Н. Merrill, 
before the 35th Annual Meeting 
of the Fire Underwriters of the 
Pacific at San Francisco, Jan. 11 
1911. N.p. n.d. (Exchange.) 

Graphic Representations of the Linear 
Electrostatic Capacity Between 
Equal Parallel Wires. By A. E 
Kennelly. (Reprint from Electrical 
World, Oct. 27, 1910). N.p. n.d 
(Gift of author.) 

Introduction of Thermodynamics for 
Engincering Students. By John 
Mills. Boston, Ginn & Co., 1910 
(Gift of author.) 

Light Railway & Tramway Journal. 
Diary 1911. London, 1911. (Ex- 
change.) 

Metal Sleeve Drum Controller Case. 
Lange and Lamme Patent No. 
518,693. Westinghouse Electric 
and Manufacturing Company, 
Complainant, vs. Lawrence Rail- 
way and Light Company, De- 
fendant. Order Denving Suspen- 
sion of Injunction, filed Dee. 24, 
1910. Мар. n.d. (Gift of W. J. 
Jenks.) 

— —Westinghouse Electric and Manu- 
facturing Company complainant 
vs. Parsons Railway апа Light 
Company, Defendant. Order deny- 
ing suspension of Injunction, filed 
Dec. 28, 1910. N.p. n.d. (Gift of 
W. J. Jenks.) 

Motion Study. А Study for Increasing 
the Efficiency of the Workman. 
Ву Е. B. Gilbreth. New York, 
D. Van Nostrand Co., 1911. (Gift 
of Publishers.) Price, $2.00 net. 

CoONTENTS:—Chapter I. Description and 

General Outline of Motion Study. И. Vari- 

ables of the Worker. III. Variables of the 

Surroundings. IV. Variables of the Motion. 

У. Past, Present and Future of Motion Study. 

Papers of Carl Hering. Philadelphia» 
1910. (Gift of Carl Hering.) 

Physiological Tolerance of Alternating 
Current Strengths up to Fre- 


Polyphase Transformer Case. 
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quencies of 100,000 Cycles per 

Second. By A. E. Kennelly and 

E. F. Alexanderson. (Reprinted 

from Electrical World, July 21 

1910.) N.p. n.d. (Gift of A. E. 

Kennelly.) 

Kurda 
Patent No. 600,228 Gencral Elec- 
tric Company, Complainant-Ap- 
pellant vs. Winona Interurban 
Railway Co. and Allis Chalmers 
Company, Defendants-Appellees. 
Mandate filed Nov. 29, 1910. 
N.p. n.d. (Gift of W. J. Jenks.) 

Proposed List of Experiments for a 
Course in Electrical Engineering 
Laboratory. Colorado College 
Publication: (General Series No. 
47) By John Mills. Colorado 
Springs, 1910. (Gift of author.) 

Significance of our Fire Waste. By 
Е. H. Wentworth. N.p. n.d 
(Exchange.) 

Society for the Promotion of Engincer- 
ing Education Year Book, 1911. 
Lancaster, 1911. (Gift of Society 
for the Promotion of Engineering 
Education.) 

Statistik der Kleinbahnen im Deutschen 
Reich. 1909. Berlin, 1911. Ех- 
change.) 

Stretching of a Conductor by its Cur- 
rent. By Carl Hering. (Reprint 
from Journal Franklin Institute 
Jan. 1911.) Philadelphia, 1911. 
(Gift of author.) 

Thermal Resistance and Conductance; 
The Thermal Ohm and Thermal 
Mho. By Carl Hering. (Reprinted 
from Metallurgical and Chemical 
Engineering, Jan. 1911.) (Gift of 
author.) 

Vector-Diagrams of Oscillating- Current 
Circuits. By A. E. Kennelly. 
(From Proceedings of the American 
Academy of Arts & Sciences, 
Vol. 46, No. 17, Jan. 1911). М.р. 
n.d. (Gift of author.) 


Trade Catalogues - 
Allgemeine Elektricitats Gesellschaft, 
Berlin. Precision wattmeter for 
direct and alternating current. 4 pp. 
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Cutler-Hammer Mfg. Co., Milwaukee, 
Wis. Elevator Controllers, Schure- 
mann types. 64 pp. 

Geo. Damon & Sons, New York. 
Dec. 1910 weekly proof sheet, 
giving information on the sale of 
machinery. 8 pp. 

Dodge & Day, Philadelphia, Pa. Со- 
operative method of economies in 
industrial plants. 4 pp. 

Emerson Electric Mfg. Co., St. Louis, 

Mo. Bull. No. 3141. Single phase 

1/10 to 1/5 h.p. induction motors. 

4 pp. 

Bull. No. 3708. Laboratory lathes 

for a.c. and d.c. 7 pp. 

General Electric Co.,. Schenectady, 

N. Y. Bull. No. 4810. Portable 

and stationery air compressor sets. 

7 pp. 

Bull. No. 4808. Washington, 

Baltimore & Annapolis 1200 volt 

d.c. railway. 16 pp. 

Bull. No. 4685. Belt driven alter- 

nators. ll pp. 

Bull. No. 4798. General Electric 

straight air brake equipments. 

7 pp. 

Bull. No. 4793. Steady vs. un- 

steady voltage for incandescent 

lighting on a.c. systems. 8 pp. 

Bull. No. 4804. Direct current 

generating sets. 11 pp. 

-Bull. No. 4807. Small plant a.c. 

switchboard panels. 7 pp. 

Lecds & Northrup Mfg. Co., Phila., 
Pa. Apparatus for measuring low 
resistance and conductivity. 40 pp. 


Bulletins on potentiometer, re- 
sistance standards, electrical ther- 
mometers. 16 pp. 


UNITED ENGINEERING SOCIETY 

Directory of Directors in the City of 
New York, 1909-1910. New 
York, 1910. (Purchase.) 


Oklahoma Geological Survey. Пігес- 
tor's Biennial Report to the Gov- 
ernor, 1910. (Bulletin No. 6.) 
Norman, 1910. (Gift.) 


Willing's Press Guide 1911. 
1911. (Purchase.) 


London, 
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OFFICERS AND BOARD OF DIRECTORS, 1910-5955. 


PRESIDENT. 
(Term expires July 31, 1911.) 
DUGALD C. JACKSON. 


JUNIOR PAST-PRESIDENTS. 


LOUIS A. FERGUSON. LEWIS B. STILLWELL 
VICE-PRESIDENTS. 
(Term expires July 31, 1911.) (Term expires July 31, 1912.) 

JOHN J. CARTY. MORGAN BROOKS. 

PAUL M. LINCOLN. HAROLD W. BUCK. 

PAUL SPENCER. PERCY H. THOMAS. 

MANAGERS. 
(Term expires July 31, 1911.) (Term expires July 31, 1912.) (Term expires July 31, 1913.) 
DAVID B. RUSHMORE. A. W. BERRESFORD. H. H. BARNES, JR. 
W. G. CARLTON. WILLIAM S. MURRAY. R. G. BLACK. 
CHARLES W. STONE. HENRY H. NORRIS. W. S. RUGG. 
H E. CLIFFORD. SEVERN D. SPRONG. C. E. SCRIBNER. 
TREASURER. (Term expires July 31, 1911.) SECRETARY. 

GEORGE A. HAMILTON. RALPH W. POPE. 


Мотв:--Тһе Institute Constitution provides that the above named twenty-three officers shall 
constitute the Board of Directors. 


PAST-PRESIDENTS.—1884-1910. 


*NORVIN GREEN, 1884—5-6. à А. E. KENNELLY, 1898-1900. 
ФРЕКАМКІ,ЛМ L. POPE, 1886-7. CARL HERING, 1900-1. 
T. COMMERFORD MARTIN, 1887-8. CHARLES P. STEINMETZ, 1901-2 
EDWARD WESTON, 1888-9. CHARLES F. SCOTT, 1902-3. 
ELIHU THOMSON, 1889-90. BION J. ARNOLD, 1903-4. 
*WILLIAM A. ANTHONY, 1890-91. JOHN W. LIEB, JR., 1904-5. 
ALEXANDER GRAHAM BELL, 1891-2 SCHUYLER S WHEELER, 1905-6 
PRANK J. SPRAGUE, 1892-3 SAMUEL SHELDON, 1906-7. 
EDWIN ) HOUSTON, 1893-4-5 HENRY GORDON STOTT, 1907-8 
LOUIS DUNCAN, 1895—6-7. LOUIS A FERGUSON, 1908-09 
PRANCIS B. CROCKER, 1897-8. LEWIS BUCKLEY STILLWELL 
*Deceased 1909-10 

ASSISTANT SECRETARY GENERAL COUNSEL. 
PREDERICK L. HUTCHINSON. PARKER and AARON, 

33 West 39th Street, New York ` 52 Broadway, New York 


LOCAL HONORARY SECRETARIES. 


JAMES 5. FITZMAURICE, WwW. G. T. GOODMAN, 
210 George St., Sydney, N. S. W. Adelaide, South Australia. 

Н Е PARSHALL, ROBERT J. SCOTT, 
Salisbury House, London Wall, E. C., Londen, Christ Church, New Zealand, 


L. A. HERDT, McGill University, Montreal, Que, HENRY GRAFTIO, St. Petersburg, Russia. 
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STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 


DUGALD С. JACKSON, Chairman, 
$4 State St., Boston, Mass. 


JOHN J. CARTY, New York. 

GEORGE A. HAMILTON, Elizabeth, М. J. 
RALPH W. POPE, New York. 

PAUL SPENCER, Philadelphia, Pa. 
LEWIS B. STILLWELL, New York. 
CHARLES W. STONE, Schenectady, М. У. 


M 


FINANCE COMMITTEE. 


А. W. BERRESFORD, Chairman, 

Milwaukee, Wis. 
S. D. SPRONG, New York. 
PERCY H. THOMAS, New York. 


LIBRARY COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Brooklyn Polytechnic Inst., Brooklyn, М. Y. 
A. BEMENT, Chicago, Ш. 
C. F. BURGESS, Madison, Wis. 
GANO DUNN, Ampere, N. J. 
J. P. MALLET, Elizabeth, N. J. 
C. E. SCRIBNER, New York. 
PHILIP TORCHIO, New York. 


MEETINGS AND PAPERS COMMITTEE. 
GEORGE F. SEVER, Chairman, 


Columbia University, N. Y* 


PHILIP P. BARTON, Niagara Falls, N. Y. 
P. JUNKERSFELD, Chicago, Ill. 

А. S. LANGSDORF, St. Louis, Mo. 

P. M. LINCOLN, Pittsburg, Pa. 
HAROLD PENDER, Boston, Mass. 
H. ST. CLAIR PUTNAM, New York. 
SAMUEL REBER, New York. 

L. T. ROBINSON, Schenectady, N. Y. 
FRANK J. SPRAGUE, New York. 
PERCY H. THOMAS, New York. 

N. T. WILCOX, Lowell, Mass. 


EDITING COMMITTEE. 


А. F. GANZ, Chairman, 
Stevens Institute, Hoboken, N. J. 
Н. E. CLIFFORD, Cambridge, Mass. 
САМО DUNN, Ampere, N. J. 
А. 5. McALLISTER, New York. 
В. F. SCHUCHARDT, Chicago, Ш. 


BOARD OF EXAMINERS. 


W. С. CARLTON, Chairman, 
Grand Central Station, New York. 
С. С. CHESNEY, Pittsfield, Mass. 
MAURICE COSTER, New York. 
P. JUNKERSFELD, Chicago, Ill. 
PAUL SPENCER, Philadelphia, Pa. 


SECTIONS COMMITTEE. 


- P. M. LINCOLN, Chairman, 


P. O. Box, 911, Pittsburg, Pa. 


GEORGE A. HOADLE Y, Swarthmore, Pa. 
C. H. HODSKINSON, Boston, Mass. 
А. S. LANGSDORF, St. Louis, Mo. 
GEORGE R. MURPHY, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
HENRY H. NORRIS, Ithaca, N. Y. 
W. H. POWELL, Milwaukee, Wis. 
E. L. WEST, Denver, Colo. 
J. B. WHITEHEAD, Baltimore, Md. 
H. P. WOOD, Atlanta, Ga. 
F. WOODMANSEE, Chicago, Ill. 
Chairman of all Sections, ex-officio members. 


STANDARDS COMMITTEE. 


C. A. ADAMS, Chairman, 
Harvard University, Campridge, Mass. 


A. E. KENNELLY, Secretarv, Cambridge, Mass. 
H. W. BUCK, New York. 

GANO DUNN, Ampere, М, J. 

H. W. FISHER, Pittsburg. Pa. 

Н.В. GEAR, Chicago, Hl. 

J. P. JACKSON, State College. Pa. 

RALPH D. MERSHON, New York, 

W. S. MOODY, Pittsfield, Mass. 

К. А. PHILLIP, Boston, Mass. 

CHARLES ROBBINS, Pittsburg, Pa. 

E. B. ROSA, Washington, D. C. 

C. P. STEINMETZ, Schenectady, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


CODE COMMITTEE. 


FARLEY OSGOOD, Chairman, 
763 Broad St., Newark, М, J- 


W.H. BLOOD, JR., Boston, Mass. 
MORGAN BROOKS, Urbana, lll. 

Е. Е. CABOT, Boston, Mass. 

H. C. CUSHING, JR.. New York. 

J. C. FORSYTH, New York. 

GEORGE F. SEVER, New York. 
JOHN B. TAYLOR, Schenectady, N. Y. 
Н. 5. WARREN, New York. 


LAW COMMITTEE. 


HENRY С. STOTT, Chairman. 
600 West 59th St.. New York. 


H. E. CLIFFORD, Cambridge, Mass. 

P. M. LINCOLN, Pittsburg, Pa. 

Н. ST. CLAIR PUTNAM, New York. 
BARTON В. SHOVER, Youngstown, О, 
CHARLES A. TERRY, New York. 
CALVERT TOWNLEY, New Haven, Conn. 
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RAILWAY COMMITTEE. 


FRANK J. SPRAGUE, Chairman, 

165 Broadway, New York: 
A. H. ВАВСОСК, San Francisco, Cal. 
FREDERICK DARLINGTON, Pittsburg, Pa. 
L. C. FRITCH, Chicago, Ш. 
CARY T. HUTCHINSON, New York. 
WILLIAM B. JACKSON, Chicago, 111. 
EDWIN B. KATTE, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. B. POTTER, Schenectady, N. Y. 
LEWIS B. STILLWELL, New York. 
В. Е. WOOD, Altoona, Pa. 


EDUCATIONAL COMMITTEE. 


А. S. LANGSDORF, Chairman, 
Washington University, St. Louis, Mo. 

W. L. ABBOTT, Chicago, lil. 

M. C. BEEBE, Madison, Wis. 

C. C. CHESNEY, Pittsfield, Mass. 

W. F. M. GOSS, Urbana, Ill. 

E. P. HYDE, Cleveland, Ohio. 

J. P. JACKSON, State College, Pa. 

RALPH D. MERSHON, New York. 

HENRY H. NORRIS, Ithaca, N. Y. 

GEORGE F. SEVER, New York. 

С. P. STEINMETZ, Schenectady, М. Y. 


ELECTRIC LIGHTING COMMITTEE. 


Р. JUNKERSFELD, Chairman, 
139 Adams Street, Chicago, Ill. 
R. G. BLACK, Toronto, Ont. 
М’. С. L. EGLIN, Philadelphia, Pa. 
L. L. ELDEN, Boston, Mass. 
H. W. FISHER, Pittsburg, Pa. 
Е. W. FRUEAUFF, Denver, Colo. 
WILLIAM B. JACKSON, Chicago, Ill. 
J. A. LIGHTHIPE, Los Angeles, Cal. 
W. H. POWELL, Milwaukee, Wis. 
W M. LISPENARD ROBB, Troy, N. Y. 
W. $. RUGG, New York. 
P. D. WAGONER, Long Island City, L. I., N. Y. 


HIGH TENSION TRANSMISSION COMMITTEE. 


PERCY H. THOMAS, Chairman, 
2 Rector Street, New York. 
H. М. BUCK, New York. | 
САМО DUNN, Ampere, М. J. 
W. S, LEE, Charlotte, М. С. 
RALPH D. MERSHON, New York. 
W.S. MOODY, Pittsfield, Mass. 
FARLEY OSGOOD, Newark, N. J. 
HUGH PASTORIZA, Provo, Utah. 
HAROLD PENDER, Boston, Mass. 
HARRIS J. RYAN, Stanford University, Cal. 
W. I. SLICHTER, Schenectady, М. Y. 
Н. 5. WARREN, New York. 


INDUSTRIAL POWER COMMITTEE. 


. T. WILCOX, Chairman, Lowell, Mass. 
. B. RUSHMORE, Schenectady, N. Y. 
A. ADAMS, Cambridge, Mass. 

. S. FEICHT, Pittsburg, Pa. 

. G. GASCHE, Chicago, Ill. 

. S. HALE, Boston, Mass. 

S. J. LISBERGER, San Francisco, Cal. 
HOMER NIESZ, Chicago, Ill. 

J. €. PARKER, Rochester, N. Y. 

H. H. SCOTT, New York. 

R. B. WILLIAMSON, Milwaukee, Wis. 


AMACOS 


TELEGRAPHY AND TELEPHONY COMMITTEE. 
SAMUEL REBER, Chairman, 
39 Whitehall St., New York. 
WILLIAM MAVER, JR., New York. 
MORGAN BROOKS, Urbana, ПІ. 
W. L. CAMBELL, Chicago, Ш. 
Е. J. DOMMERQUE, New York. 
F. B. JEWETT, New York. 
S. G. MeMEEN, San Francisco, Cal. 
FRANKLIN Н. REED, Chicago, Ш. 
C. E. SCRIBNER, New York. 
J. G. WRAY, Chicago, lll. 


ELECTROCHEMICAL COMMITTEE. 

PHILIP P. BARTON, Chairman, 
Niagara Falls, М Y 

L. ADDICKS, Elizabeth, N. J. 
H. H. BARNES, JR., New York. 
C. Е. BURGESS, Madison, Wis. 
А. F. GANZ, Hoboken, М. J. 
W. B. HALE, City of Mexico, Mex. 
CARL HERING, Philadelphia, Pa. 
А. E. KENNELLY, Cambridge, Mass. 
S. M. KINTNER, Pittsburg, Pa. 
W. S. КОСО, New York. 
JOHN B. TAYLOR, Schenectady, N. Y. 


POWER STATION COMMITTEE. 

H. ST. CLAIR PUTNAM, Chairman, 
100 Broadway, New York. 

W. L. ABBOTT, Chicago, ІШ. 
H. H. BARNES, JR., New York. 
PHILIP P. BARTON, Niagara Falls, N. Y. 
B. A. BEH REND, Pittsburg, Pa. 
Н A. LARDNER, San Francisco, Cal. 
G. I. RHODES, New York. 
D. P. ROBINSON, Boston, Mass. 
С A. RODENBAECK, Boston, Mass. 
E. F. SCATTERGOOD, Los Angeles, Cal. 
5. D. SPRONG, New York. 


INDEXING TRANSACTIONS COMMITTEE. 
G. I. RHODES, Chairman, 
600 West 59th Street, New York. 
W. С. CARLTON, New York. 
C. E. EVELETH, Schenectady, N. Y. 
M: G. LLOYD, Chicago, Ill. 
HENRY G. STOTT, New York, 
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SPECIAL COMMIT TEES—Continued. 


Е fry OF NATURAL RE- — RE- 
URCES COMMITTEE. 


LEWIS B. STILLWELL, Chairman, 


00 Broadway, New York. 


HENRY G. STOTT, New York. 
H. W. BUCK, New York. 

А. М. HUNT, San Francisco, Cal. 
W.S. LEE, Charlotte, N. C. 

A. M. SCHOEN, Atlanta, Ga. 

С. Е. WALLACE, Boston, Mass. 


MEMBERSHIP COMMITTEE. 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 


R. G. BLACK, Toronto, Ont. 

C. W. BURKETT, San Francisco, Cal. 

F. L. HUTCHINSON, New York. 

E. N. LAKE, Boston, Mass. 

W. A. LAYMAN, St. Louis, Mo. 

С. Е. MAGNUSSON, Seattle, Wash. 

E. B. MERRIAM, Schenectady, N. Y 

W.S. MURRAY, New Haven, Conn. 

N. J. NEALL, Boston, Mass. 

\. D. WEAVER, New York. 

H. P. WOOD, Atlanta, Ga. 

INTERMEDIATE GRADE OF MEMBER- 

SHIP COMMITTEE. 

CHARLES W. STONE, Chairman, 


Schenectady, М. У. 


CHARLES В. SCOTT, Pittsburg, Pa. 
T. E. BARNUM, Milwaukee, Wis. 

А. M. HUNT, San Francisco, Cal. 

А. S. McALLISTER, New York. 
‘WILLIAM McCLELLAN, New York. 
G. C. SHAAD, Lawrence, Kansas. 


HISTORICAL MUSEUM COMMITTEE. 
T. C. MARTIN, Chairman, 


29 West 39th Street, New York. 


JOHN J. CARTY, New York. 

L. A. FERGUSON, Chicago, Ill. 

JOHN W. LIEB, JR., New York. 

E. W. RICE, JR., Schenectady, N. Y. 

CHARLES A. TERRY, New York. 

CALVERT TOWNLEY, New Haven, Conn. 

RELATIONS OF CONSULTING ENGINEERS 

COMMITTEE. 


FRANK J. SPRAGUE шпаа. 


5 Broadway, New York. 


FRANCIS BLOSSOM, New York. 

О. S. LYPORD, JR., New York. 
LEWIS B. STILLWELL, New York. 
PERCY H. THOMAS, New York. 

C. G. YOUNG, New York. 


EDISON MEDAL COMMITTEE. 

Appointed by the President 

Term expires July 31, 1915. 
ELIHU THOMSON, Chairman, 

Swampscott, Mass. 

JOHN W. LIEB, JR., New York. 
EDWARD L. NICHOLS, Ithaca, N. Y. 

Term expires July 31, 1914. 
PHILIP P. BARTON, Niagara Falls, N. Y. 
JOHN J. CARTY, New York. 
J. G. WHITE, New York. 

Term expires July 31, 1913. 
C. A. ADAMS, Cambridge, Mass. 
C. C. CHESNEY, Pittsfield, Mass. 
CHARLES E. LUCKE, Secretary, New York. 

Term expires July 31, 1912. 
W. S. BARSTOW, New York. 
GANO DUNN, Ampere, N. J. 
CHARLES A. TERRY, New York. 

Term expires July 31, 1911. 
JOHN W. HOWELL, Newark, М. J. 
SAMUEL REBER, New York. 
CHARLES F. SCOTT, Pittsburgh, Pa. 


Elected by the Board of Directors from its own 
member ship 
Term expires July 31, 1912. 
PAUL M. LINCOLN, Pittsburg, Pa. 
HENRY H. NORRIS, Ithaca, N. Y. 
PERCY H. THOMAS, New York. 
Term expires July 31, 1911. 
H. E. CLIFFORD, Cambridge, Mass. 
LOUIS A. FERGUSON, Chicago. 11. 
PAUL SPENCER, Philadelphia, Pa. 


Ex-offcio Members. 
Term expires July 31, 1911. 
DUGALD C. JACKSON, President. 
RALPH W. POPE, Secretary. 
GEORGE А. HAMILTON, Treasurer. 


INTERNATIONAL ELECTROTECHNICAL 
COMMISSION. 


United States National Committee. 


A. E. KENNELLY, President. 
RALPH W. POPE, Sec retary, New York 
E. J. BERG, Urbana, Ш. 

А. W. BERRESFORD, Milwaukee, Wis 
H. W. BUCK, New York. 

L. A. FERGUSON, Chicago, Ill. 

ALPH D. MERSHON, New York. 
ARLES F. SCOTT, Pittsburg, Pa. 
AMUEL SHELDON, Brooklyn, N.Y. 
. P. STEINMETZ, Schenectady., N. Y. 
S. W. STRATTON. Washington, D. C. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


HENRY G STOTT, New York. 
LOUIS A. FERGUSON, Chicago, Ill. 


LEWIS B. STILLWELL, New York. 
DUGALD C. JACKSON, Boston, Mass. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


LOUIS A. FERGUSON, Chicago, Ill. 


CALVERT TOWNLEY, New Haven Conn. 


HENRY G. STOTT, New York. 
ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 


MUEL SHELDON, Brooklyn, N. Y. 


CHARLES Р. SCOTT, Pittsburg, Pa. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 


SAMUEL SHELDON, Brooklyn, N. Y. 


WILLIAM ESTY, Bethlehem, Pa. 


ON ELECTRICAL COMMITTEE OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute Code Committee, FARLEY OSGO.)D, Newark. М. J. 
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Name and when Organized. 


Atlanta.... T Jan. 
Baltimore......... Dec 
Boston............ Feb 
Сһісасо................ 
Cleveland......... Sept. 


Detroit-Ann Arbor. Jan. 


Fort Wayne....... Aug. 
Ithaca............ Oct. 
Los Angeles....... May 
Madison.......... Jan. 
Мехїсо........... Dec. 


Milwaukee........ Feb. 


Minnesota......... Apr. 
Philadelphia....... Feb, 
Pittsburg.......... Oct. 
Pittsfield.......... Mar. 
Portland, Ore...... May 
San Francisco..... Dec. 
Schenectady....... Jan. 
Seattle............ Jan. 
St. Louis.......... Jan 
Toledo............ June 
Toronto........... Sept 
Urbana........... Nov. 


Washington, D. с. . Apr. 


Total, 25. 


19, 


"04 


LIST OF SECTIONS. 


Chairman. 


H. P. Wood. 

J. B. Whitehead. 
J. F. Vaughan. 
J. б. Wray. 

A. M. Allen. 

С. Г. de Muralt. 
E. A. Wagner. 
E. L. Nichols. 

J. E. Macdonald. 
М.Н. Collbohm. 
Е. Leonarz. 

W. Н. Powell. 
J. С, Vincent. 

C. I . Young. 

Н. М. Muller. 

5, Н. Blake. 

L. B. Cramer. 

S. J. Lisberger. 
E. A. Baldwin. 


А. А. Miller. 


George W. Lamke. 


M. W. Hansen. 


E. Richards. 


Morgan Brooks. 


Earl Wheeler. 


Secretary. 

M. E. Bonyun, 

G. E. Co., Atlanta, Ga. 
L. M. Potts 

107 East Lombard St., Baltimore, Ма. 
Harry M. Hope 

147 Milk S rest. Boston, Mass. 
E. N. Lak 


e, 
181 La Salle St., Chicago, Ill. 


Howard Dingle, 
912 N. E. Building, Cleveland, Ohio. 


Benjamin F. Bailey, 
University of Michigan, Ann Arbor, Mich. 


J. V. Hunter, 
Fort Wayne Electric Works, Ft. Wayne, Ind. 


George S. Macomber, 
Cornell University Ithaca, N. Y. 


V. L. Benedict, 
Los Angeles Fire Alarm Co., Los Angeles, Cal. 


Н, B. Sanford, 
Univ. of Wisconsin, Madison, Wis. 


Gustavo Lobo, 
Cadena Street, No. 2, Mexico, Mex. 


L. L. Tatum 
Cutler-Hammer Mfg. Co.. Milwaukee, Wis. 


J. H. Schumacher, 
2716 University Ave., Minneapolis, Minn. 


H. F. Sanville, 
608 Empire Building, Philadelphia, Pa. 


Ralph W. Atkinson, Standard Underground 
Cable Co., 16th & Pike Sts. 4, Pittsburg, Ра. 


W. C. Smith, 
General Electric Company Pittsfield, Mass 


Е. О. Weber, 
559 Sherlock Building, Portland, Ore. 


A. G. Jones, Union Trust Building, San Fran- 
cisco, Cal. 


W. A. Reece, Foreign Department, 
Gen. Elec. Co., Schenectady, N. У 


Erle F. Whitney, 
609 Colman Building, Seattle, Wash. 


Oddgeir Stephensen, 
6400 Plymouth Ave., St. Louis. Mo. 


Geo. E. Kirk, 
1649 The Nicholas, Toledo, O. 


W. H. Eisenbeis, 
1207 Traders’ Bank Bidg., Toronto, Can. 


J. M. Bryant, 
610 West Oregon St., Urbana, Ill. 


H. B. Stabler, 
722 12th St., N. W.. Washington, D. С. 
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LIST OF BRANCHES. 


Name and when Organized. Chairman. Secretary. 


Agricultural and Me- 
chanical College of 
Техаз.............. Nov. 12, '09| L. S. Peter. Ну. Louwien, Jr., 
College Station, Texas. 
Arkansas, Univ. of...Mar. 25, 04) W. B. Stelzner. L. В. Cole, 
Room 10, Buchanan Hall, Fayetteville, 
Armour Institute..... Feb. 26, '04| W. С. Tellin. E. H. Freeman, Ark 
Armour Inst. Tech., Chicago, ІШ. 
Bucknell University..May 17, '10] С. М. Brubaker. |А. J. Huston, 
ucknell University, Lewisburg, Pa 


9 
їапд.............. Тап. 8, '09| S. С. Boyd. Боп С. Orwig 
2171 Cornell Road, Cleveland, Ohio. 
Cincinnati, Univ. of.. Apr. 10, '08| C. К. Wylie. Ralph D. Kersay 
315 Jackson St. Carthage, Ohio. ° 
Colorado State Agricul- 
tural College....... Feb. 11,'10| Alfred Johnson. |D. E. Byerley 


229 N. [болн Street, Fort Collins, Colo. 
Colorado, Univ. of...Dec. 16, '04| Ernest Prince. R. B. Finley, 

1125 loth 'St., Boulder, Colo. 
lowa State College... Apr. 15, '03| Adolph Shane. Ralph R. Chatterton, 

Iowa State College, Ames, Iowa. 
lowa, Univ. of....... Мау 18, '09| К. S. Putnam. A. H. Ford, 

University of Iowa, Iowa City, Ia. 
Kansas State Agr. Col. Jan. 10, '08| Homer Sloan. W. C. Lane, 

Kansas State Agric. College, Manhattan, 
Kansas, Univ. of..... Mar. 18, '08| F. P. Ogden. L. A. Baldwin, Kansas. 

1225 Oread Ave., Lawrence, Kans. 
Kentucky, State Univ. 


Ole PE Oct. 14, '10| J. B. Sanders. ГА. Boyd, 
605 Во | йөне St., Lexington, Ку. 
Lehigh University....Oct. 15, 02) H. H. Fithian. Jacob Stair, Jr., 

Lehigh University, Bethlehem, Pa. 


Lewis Institute....... Nov. 8, '07| J. C. Johnson. А.Н. Fensholt, 

Lewis Institute, Chicago, Ш. 
Maine, Univ. of...... Dec. 26, '06| A. T. Childs. F. L. Chenerv, 

: University of Maine, Orono, Maine. 

Michigan, Univ. of... Mar. 25, '04| C. P. Grimes. Karl Rose, 

504 Lawrence St., Ann Arbor, Mich. 
Missouri, Univ. of.... Jan. 10, '03| Н.В. Shaw. A. E. Flowers, 

Univ. of Missouri, Columbia, Mo. 
Montana State Col... May 21, '07| Harry Peck. J. А .Thaler, 


Montana State College. Bozeman, Mont. 
Nebraska, Univ. of...Apr. 10, '08| Сео. Н. Morse. V. L. Hollister, 

Station A, Lincoln, Nebraska. 
New Hampshire Col..Feb. 19, '09| C. E. Hewitt. L. W. Bennett, 

New Hampshire College, Durham, М. Н. 
North Carolina Col. of 


Agr. and Mech. Arts.Feb. 11, '10|Wm. H. Browne, Jr.|Lucius E. Steere, е 

N.C.C.A. and M.A., West Raleigh, М. С. 

Ohio State Univ...... Dec. 20, '02| H. W. Leinbach. |F. L. Snyder, 
174 East Maynard Ave., Columbus, Ohio. 

Oregon State Agr. Col. Маг, 24, '08| Le Roy V. Hicks. |Charles A. French, 
Corvallis, Ore. 

Oregon, Univ. of..... Nov. 11, '10| R. H. Dearborn. |C. R. Reid, 
University of Oregon, Eugene, Oregon, 

` Penn. State College... .Dec. 20, '02| О. С. Himberger. |Н. L. Van Keuren, 
Penn. State College, State College, Pa. 

Purdue Univ......... Jan. 26. '03| С. В. Harding. А. №. Topping, 
Purdue University, Lafayette, Ind. 

Rensselaer Polytechnic 


Institute........... Nov. 12, '09| E. D. М. Schulte. |W. J. Williams, 
Rensselaer Poly. Institute, Troy, N. Y. 
Stanford Univ........ Dec. 13, '07| T. W. Snell. J. H. Leeds, 
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PROTECTION OF ELECTRICAL TRANSMISSION 
LINES 


ВУ Е. Е. Е. CREIGHTON 


INTRODUCTORY SUMMARY 


A review of some of the principal headings with an occasional 
comment will give a rapid survey of the scope of this paper. 
The conditions of single grounds occupy most of the treatment, 
although incidentally the subject of short circuits and high 
frequency oscillations are brought in briefly where they are par- 
ticularly pertinent. Тһе general principles of the arcing ground 
suppressor are described. Its mechanical features, consisting 
of an oil switch, electrostatic or electromagnetic selective relay, 
and safety auxiliary devices, are treated in detail. Then follows 
a discussion of the security with a metallic ground and the 
practical tests of the arcing ground suppressor. The electro- 
static capacities of the line wires are so changed by the acci- 
dental grounds, that considerable space is given to this subject 
under the three heads of analogy, physical theory, and mathe- 
matical solutions. This subject has a strong bearing on the 
design of the suppressor but has only a convincing and thcoretical 
connection with the use of it. In connection with the arcs on 
lines, tests are given of arc length, voltage, and currents. These 
are illustrated by simultaneous photographs of arcs on horns 
and oscillograms with curves of subsequently calculated lengths, 
voltages, and currents. | 

Тһе second part of the paper involves a general discussion 
of protective problems on transmission lines. The terms “ super- 
spark potential" and ''bolt-peak " are defined. Some new 
theory on lightning induction on lines is given. Тһе following 
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head lines show the nature of the discussions: Possibilities of 
using lightning arresters to protect against the “ bolt-peak;”’ 
trolley line arresters; why “ spill-overs ” occur usually on only 
one insulator; numerical conceptions of the factors of induced 
lightning; some observations on direct strokes and their effects; 
where lightning will strike; what has been done to protect lines; 
tests of overhead grounded wires; protection by high dynamic 
potentials and chance; protection by corona; line construction 
and design from the singular standpoint of protection; conditions 
without the arcing ground suppressor with several photographs 
illustrating arcs on insulators; and finally illustrations and theory 
on the burning off of line wires by the electric arc. 

The object of this paper is, primarily, to describe a new method 
of protecting line insulators against arcs to ground and the conse- 
quent vicious surges which accompany such accidental arcs, 
and to describe the apparatus for accomplishing this, with 
statements regarding its scope of application and itslimitations; 

Secondarily, to point out the trend of the developments in 
line protection, to record some experimental data relating to the 
problem of line protection, and, with the experience of the 
laboratory in mind, to speculate on certain lightning effects. 

In the past considerable attention has been given to the pro- 
tection of electrical apparatus. For the protection of medium- 
and high-tension apparatus, the aluminum arrester has had 
sufficiently long use to attest its undoubted value. There has, 
however, been no type of arrester developed suitable to the pro- 
tection of line insulators and judging from our present knowledge 
of lightning phenomena, there 1s little prospect of such a de- 
velopment being made. In general, arresters are not suitable 
for line protection. Even the relief gap in the form of horns at 
the insulator has proved unsuitable and ineffective. There 15 
nothing offered yet which does not involve an interruption of 
service when an accidental arcing to ground takes place, as well 
as permitting surges of high frequency and of considerable energy 
to play at will in the system. 

In the foregoing statement that lightning arresters are never 
recommended specifically for the protection of insulators, the 
use of arresters on a trolley line 1s an apparent contradiction. 
The statement, however, is true. А further discussion is given 
later under the subject of protection of trolley lines. 

Line Protection. Тһе problem of line protection may, for 
present purposes, be divided into two parts: 
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First, the suppression of the arc that follows a lightning dis- 
charge over an insulator from one phase to ground. This 
phenomenon is the most frequent one. Apparatus is described 
which suppresses such an arc. It is immediately adaptable 
to lines on which the insulator pins are grounded—a condition 
which exists naturally in the use of iron towers. 

Second, the prevention and suppression of short circuits be- 
tween phases. This phenomenon occurs relatively rarely. 
Some suggestions are made later in regard to this problem, but 
there is not space at present to describe the work in this field. 
This paper has to do mostly with the first division of the prob- 
lem, namely, a single grounded phase. 

Circuit. Changes During Ше Process of Grounding. In the 
following discussion a three-phase circuit only is considered. 
If the neutral were grounded through no resistance, the result 


5-24 d 

RELAY 
y 
IN 


Еіс. 1.—Line arcing insulator, switch, and selective relay 


of an accidental ground on one phase, would be a short-circuit 
of the Y leg of that phase. This short-circuit would necessitate 
an interruption of service, therefore, we need not consider such 
practice at the present moment. If the neutral of the three 
phases is non-grounded or grounded through a relatively high . 
resistance, then one phase may be accidentally grounded or 
purposely grounded without affecting the operating voltage be- 
tween phases either delta or Y to any appreciable extent. The 
whole system becomes unbalanced electrostatically relative to 
the ground and auxiliary currents will be superimposed on each 
phase to satisfy the requisite conditions of electrostatic charges. 
Since the charging circuit of a line is small in comparison to the 
power current, except in very long transmissions, the drop of 
potential due to the flow of the charging current along the line 
is of negligible value. То begin with, the usual condition then, 
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is assumed; that is, that a line wire has practically the same po- 
tential above ground throughout its entire length, no matter what 
that potential may be. Later the exceptional cases will be 
considered. 

General Principles of the Arcing Ground Suppressor. A 
three-phase transmission line under normal opcration has its 
three phases, A, B, C, respectively at an equal effective potential 
above the earth. If, however, one phase is accidentally grounded 
as shown in Fig. 1 the potential of that phase above ground will 
be reduced to the effective potential drop along the arc. If this 
phase C has attached to it a single phase switch S which will 
connect it to ground, the wire will be reduced to ground potential 
and the arc around the insulator will be extinguished by lack of 
potential, i.e., shunted out. 4 " 

The insulator reassumes its normal & e 
condition of insulation as soon as 
the arc vapors are cooled below the 
temperature of conduction. The NEUTRAL 
chilling of the arc requires, in gen- 
eral, but a small fraction of a second 
of time. If the grounding switch 15 С 
now opened the circuit will assume 
again its normal condition of equality 
of potential of each phase above 
ground. The line is cleared of an (сег у 
arcing ground without interrupting Я и 
the service. 

Before the phase C was grounded 
the neutral of the three phases was at zero or ground poten- 
tial. After the phase was grounded, the neutral was at Y 
potential above ground as indicated in Fig. 2. 

This is essentially true as the gencrator produces the same 
voltage between terminals. This means also that the two other 
phases, A and B, are now raised from Y to delta potential 
above ground. 

Selective Relay. Between the phenomenon of the arcing ground 
and the closing operation of the single-pole switch there must be 
an intermediate device which picks out the phase that is grounded 
and closes the proper relay to operate the single-pole switch. 
Since the most evident and stable condition attending this 
accidental ground is the decrease іп potential of the phase С 
toward ground and the increase in potential of the other two 


Fic. 2.—Three phases, one 
grounded and neutral 
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phases above ground, it is natural to choose these factors to 
operate the selective device. In passing, it might be noted that 
this device cannot be operated thus independently on each phase 
but the three phases must operate conjointly in the selective 
device. In other words, if the line is not in service, and there- 
fore all three phase at zero potential, there must be no movement 
of the selective device, any more than there is when all three 
phases are equally charged to an effective potential above 
ground. This selective operation is attained by connecting the 
three phases together mechanically. The two devices developed 
for this purpose are shown in Figs. 3, 4, 5 and 6. 

Electrostatic Selective Relay. In Fig. 3, the circuit connections 


PHASE C 


PHASE A 


PHASE B 


Fic. 3.— Diagram of electrostatic selective relay 


are shown for the clectrostatic selective relay. Three insulators 
are sct at angles of 120 deg., facing each other in a horizontal 
plane. The pin of each insulator is insulated by being fastened 
to another insulator and connected respectively to the three 
phases. The electrostatic field produced at the heads of these 
insulators act mechanically on three aluminum plates placed 
in front of them and grounded as shown in the photograph 
Fig. 4. These three aluminum plates are connected together 
by three light radial rods. At the center, these three rods con- 
nect to the bottom of a pendulum, pivoted at the top so that it 
can swing in any angle away from the vertical. This gives а 
balanced mechanical system which remains stationary for all 
voltages so long as they are equal. If, however, as in the case 
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assumed, phase C is grounded, the electrostatic force on the 
corresponding aluminum plate is weakened and on the other 
two plates strengthened. The result is that the pendulum 
moves over against the contact, marked SS C in Fig. 3 and clearly 
shown in form in Fig. 4. Making this contact operates the trip 
coil on the single-pole oil switch, indicated in Fig. 1. "This elec- 
trostatic selective relay is easily adapted to all high voltages, but 
the forces drop off so much for low voltages that it is there found 
necessary, so far, to resort to potential transformers and electro- 
magnetic coils. Тһе potential transformer is an item of added 
cost but is not a serious matter at low voltages. 


Fic. 4.—Electrostatic selective relay 


The Electromagnetic Selective Relay. Fig. 5 shows а dia- 
grammatic sketch of the connections. Three potential trans- 
formers ГА, T B and T C are connected іп Y and the neutral 
is grounded. Тһе secondary of each 15 connected directly to 
a solenoid. Тһе solenoids stand in a vertical position and each 
has hung over it a core of iron suspended to a three-arm lever 
pivoted at the center C. Just above each lever is a contact 
point which, when closed, trips the single-pole grounding switch 
corresponding to the phase. Тһе operation is the same in 
principle as the electrostatic relay. If the potential on the leg 
T C weakens, the other two phases strengthen; there is a cor- 
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responding movement of the cores in the solenoids which results 
in the desired selective action by closing a contact. 

Safety Auxiliary Devices. These devices consist of damping 
resistance in connection with the switch, interlocks between 
the three independent single rnase switches, and an interlock 
on the selective relay, as an extra safeguard against closing two 
single phase switches at once. These devices will be described 
in order. 

Damping Resistance for the Switch. Every circuit contain- 
ing inductance and capacity is subject to electric oscillations 
when an arc takes place in any part of the circuit. Where 


A 


Fic. 5.—Diagram of electromagnetic selective relay 


capacity predominates the arc current is seldom continuous. 
The current starts suddenly, and stops suddenly an indefinite 
number of times per cycle of the generator, according to the 
values of the following factors: gap length, current, potential, 
. circuit conditions, air currents, etc. Each time the arc makes 
or breaks, an electric impulse is given to the circuit which sets 
up an oscillation. This oscillation is at the natural frequency 
of the circuit or multiple thereof, and its duration depends on 
the amount of damping, or rate of absorption of its energy. 
The danger from such an oscillation lies in resonance with some 
local circuit, such, for example, as aninternal coil ina transformer, 
generator, potential regulator, etc. The typical behavior of 
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such an oscillation is shown in Fig. 6. This is the natural os- 
cillation in a mercury arc rectifier circuit. Its natural period is 
3000 cycles per second. If an accidental arcing ground took 
place on this circuit which happened to have a period of 3000 
cycles, it would resonate with the transformer coils and a rise 
in resonant voltage would result. 

Resonance implies repeated impulses or oscillations. If 
the arcing ground has a resistance in series equal to the critical 


value given by the equation R = 2 \ 5. each single impulse 


will die out without oscillation. Even if the resistance is only 
one-fifth the critical value given by the equation above the os- 
cillation disappears quickly. The accidental arc around an 


Fic. 6.—Mercury arc oscillation 


insulator is extinguished as quickly as possible by the switch: 
it is then necessary to extinguish the arc to ground in the switch 
asit opens. То eliminate the dangers from oscillations, damping 
resistance is placed in the switch pot. This resistance is thrown 
in series as the switch rod moves out. Fig. 7. 

Interlock Between Switches. The three single-pole switches 
of the suppressor are provided with a common interlocking device 
operated by a solenoid, which prevents any two switches from 
getting in the closed position simultaneously and thus causing a 
short circuit. In the test, all three trip coils were closed simul- 
taneously but no switch closed. If, however, one contact pre- 
ceded the others by a small fraction of a second the corresponding 
switch closed and locked the other two open. 
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Interlock on the Selective Relay. As a further precaution 
against accidental short circuits in the switches, the natural 
conditions of construction of the relays make it impossible to 
close two trip-coils simultaneously. The three contact points 
on the selective relay, which are connected to the trip-coil, are 
so widely spaced that the pendulum cannot swing against two 
at the same time. 

In the case of a double ground the selective relay can be either 
made inoperative or made selective of one of the grounds. The 
selective relay, as shown in the preceding illustrations, is in- 
operative on short circuit of either 
delta or Y. The pendulum swings 
between contacts of the trip-coils. 

Second Stroke Lock Device for 
Punctured Insulators. So far, an arc 
around an insulator has been con- 
sidered. In this circumstance the 
protecting switch closes, and opens 
automatically a fraction of a second 
later. If, on the other hand, the in- 
sulator is defective and punctures, 
the line potential will reéstablish an 
arc to the iron pin. This will cause 
the switch to close again. This 
second time it is locked shut until 
the attendant opens it by hand. 
This second stroke lock comes into 
action only if the switch starts to 
close the second time immediately 
Fic. 7.—Damping resistance after the first time. In other words, 

Шаа ы if the switch stays open for а frac- 
tion of a second after the first stroke, the second stroke lock be- 
comes inoperative. With the arc shunted out, the dangers from 
arcing ground surges are avoided. The system can continue 
to operate with a metallic ground until the fault is located and 
the faulty line cut out. The chief source of danger іп such opera- 
tion is in the possibility of a second stroke of lightning estab- 
lishing another arcing ground on another phase before action is 
taken to clear the feeder. 

Arcing Ground Suppressor for Cable Systems. When the 
insulation of a cable fails, the damage is permanent. The dis- 
tance from the conductor to the metallic sheath is so small that 
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the normal impressed difference of potential is sufficient to re- 
establish an arc, even if it were automatically extinguished. It 
is seldom indeed that an accidental arc is established in a cable 
from conductor to conductor. Two weak spots seldom fall 
together. The usual case is a failure of one conductor to the 
Sheath. When this occurs there is nothing to be допе but 
ground the faulty phase to the sheath and thus extinguish the 
arc. This will prevent the arc to ground burning the insulation 
into an adjacent phase, melting up everything in the neighbor- 
hood with a power arc, and, by the explosive action of the arc, 
blowing up the surrounding conduit or manhole. 

The foregoing requirement simplifies the switch operation. 
In the protection of an insulator, the switch closed and opened 
again automatically. For the protection of cables it is neces- 
sary for the switch to close once and stay closed until the feeder 
has been cleared. 

Security with a Metallic Ground. With one phase grounded 
the factor of safety on the other two phases in their insulation 
to ground is somewhat reduced by the fact that the potential is 
increased 73 per cent—the increase from Y to delta potential. 
Since every cable should have an insulation which will carry 
double delta potential, the increase to only delta potential should 
not produce a serious strain. There is no arc to produce high 
frequency, therefore, there is left to consider the possibility of 
obtaining resonance in any part of the circuit at the frequency 
of the generator and of such harmonics as may be prominent. 
The capacity current flowing into the two non-grounded phases 
must pass through the inductance of the generator and connecting 
transformers. Taking into account the possible wide variations 
of inductance and capacity in all systems, one is forced to ac- 
knowledge a chance of obtaining resonance with a phase metal- 
lically grounded, but resonance in itself has no terrors. The 
increment of energy in the resonant surge is always small rela- 
tive to the energy given out even by a small transformer. Ifa 
transformer, for example, 16 loaded even with a few lamps, the 
resonant potential will be held down by the absorption of the 
energy of the surge in the lamps. If, on the other hand, the 
transformer is not loaded and it 1s in a condition of resonance, 
its resonant energy will be absorbed by some parallel loaded 
transformer. When the possibility of resonance internally 
between coils of a transformer is considered it can be stated 
positively I believe that there is none. 
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The natural frequency of a local surge between coils is in- 
variably too high to resonate with the frequency of the impressed 
potential from the generator. As an example, a 350-kw. 
11,000-volt transformer has a natural frequency internally 
around 90,000 cycles per second. An arc-light transformer has a 
natural frequency around 3000 cycles per second. These two 
examples show such high values of frequency that there is no 
apparent danger of bringing it within the range of generator 
frequency. | 

There are special and unusual conditions which need not 
be considered in detail here. Such, for example, as unloaded 
open-delta transformers coóperating with an accidentally 
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broken line wire. Тһе operation with open delta is decidedly 
bad practice, from a protective standpoint, and should be used 
in general only in emergencies. At any rate, the prevention is 
always to keep some load on the transformers or circuits. 

As a further and final safeguard against possible rises in 
resonant voltages when a phase is metallically grounded, a rea- 
sonable amount of resistance can be kept in the circuit to ground. 
This resistance will absorb the resonant energy if it appears. 
There is a limitation set on the amount of resistance by the 
permissible J R drop. Тһе ІК drop must not be such as to 
reéstablish the arc at the fault. 

Practical Tests of the Arcing Ground Suppressor. The general 
scheme of connections for the analytical testing of the are sup- 
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pressor is shown in Fig. 8. The tests were made on a line of the 
Schenectady Power Company, 21 miles long. The delta po- 
tential is 33,000 to 35,000 volts at 40 cvcles. 

Commencing at the right т Fig. 8 the switch Sı completed 
the circuit through the defective insulator, the series resistance 
К, and the oscillograph vibrator A, to ground. The insulator 
was made defective by means of two small wires from cap and 
pin respectively which were held within sparking distance of 
each other. The arc would form and burn the fine five-mil 
wire into a full length arc. With considerable resistance in 
series with the arc the latter was quite unstable. Since there 
was no apparatus on the line there was nothing but the induc- 
tance of the step-up transformer to aid in making a stable arc. 
The small value of capacity and the corresponding small value 
of grounding current prevented the formation of any long and 
vicious arc. However, the gap length around the insulator 
was shortened until the arc would, when started, hold con- 
tinuously. The resistance К, was varied from a high value to a 
low value in order to test and adjust the sensibility of the selec- 
tive relay. Тһе ammeter A, gives the upper record in the os- 
cillograms that measure the grounding current of the arc. 

Next to the left in Fig. 8 is represented the single-pole oil 
switch connected to the same phase and ground. The internal 
resistance in the oil pot is shown as К. and the auxiliary re- 
sistance as R3. The ammeter A, next to the ground gives the 
middle record in the oscillograms which measure the grounding 
current of the switch. 

Next to the left is represented the oscillograph voltmeter 
У, between the same phase and ground. 

On the left the selective relay is represented diagramatically 
with its intermediate connections to the trip-coil of the oil 
switch. An ammeter Аз gives a record in a later oscillogram of 
the current in the trip-coil circuit. 

Referring to Fig. 9, oscillogram 8, time is reckoned in cycles, 
with the number placed just above the points of interest on the 
records. The instant that the arcing ground commenced (see 
upper record) is taken as zcro time. Тһе current started at the 
peak of a wave. There 15 no rush of current into the capacity of 
the line because a high series resistance was placed in circuit with 
the arcing insulator. This resistance was used primarily to 
prevent a large drop of potential between this phase and ground, 
in order to test the sensibility of the selective relay. This is 
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demonstrated on the lower record. Тһе voltage from line to 
ground drops from normal 27,500 volts maximum at zero time 
to 20,000 volts at the end of a half cycle. This is 27 per cent. 
drop only or 73 per cent of full potential. It represents the con- 
dition of an arcing insulator situated hundreds of miles from the 
generating station. 

Following along the upper record, the arcing ground is ex- 
tinguished in 151 cycles. The arcing ground is not reéstablished. 

In the middle record, the current in the switch, which shunted 
out the arc to ground, commences with a rush at 153 cycles. 
This current rush is due to the fact that there wasless resistance 
in series with the grounding switch than there was in circuit with 
the arcing insulator. 

During these 151 cycles of arcing ground, the selective relay 
moved over to its proper contact, the current was applied to the 
trip coil of the switch, the plunger moved up and tripped the 
latch, and the switch rod moved down to its first contact. Тһе 
proportional time absorbed by each of these phenomena is 
not measured here, although a partial separation is made in a 
later oscillogram. 

Referring to the lower record, it may be noted that the н 
rod strikes the contact connected with the internal resistance 
two cycles (153 to 172) before it reaches its home contact. 
When the switch rod reaches its home contact the potential 
from line to ground docs not drop to zero in this case because an 
extra resistance of about 1000 ohms was left in series with the 
switch. 

Referring to the middle record, the oil switch remains closed 
from 151 to 553 cycles, practically one second. When the cur- 
rent ceascs in the oil switch it happens that it leaves the potential 
of the corresponding phase at a value different from what it 
_ should have in a balanced non-grounded condition. The os- 
сШортатп indicates in the lower rccord that the potential should 
have bcen a negative peak value but was actually about zero; 
consequently when the generator changed from a negative peak 
to a positive peak it carried the potential to nearly double value 
(52,000 volts maximum in the 56th cycle). In the following 
cycle the electrostatic unbalancing of the system partially ad- 
justs itself, and in the next following cycle, the 58th, the three 
phases are symmetrical with the zero or ground potential. 
This adjustment to a balanced condition seems to take place 
through the resistance of the voltmeter. 
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Reviewing the information given by this oscillogram, the 
arcing ground was extinguished by the protecting switch in 
154 cycles, thus suppressing the resulting surges. The oil switch 
then took a second to open and clear the circuit. During this 
test and all others on this line a needle gap was maintained be- 
tween phases (33,000 volts) but at no operation of the switch 
did the gap, set at 45,000 volts, spark. When the line was 
switched on or off, however, the gap would invariably spark. 
The freedom from surges was obtained by using series resistance, 
already referred to. 

In Fig. 10, oscillogram 9, the principal feature of the record 
lies in the fact that the relay was made more responsive and cut 
down the time of arcing ground to eleven cycles. During these 
eleven cycles the lengthening of the arc around the insulator 
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Fic. 10.—Oscillogram 9 on test of arcing ground suppressor 


can be traced by the increase in voltage from line to ground 
through the arc as shown in the lower record. The potential 
drops to 19,350 volts at the beginning of the arc and rises 
gradually to nearly full Y voltage again. Since the potential 
from line to ground is only slightly disturbed, it is evident that 
no vicious surges of the system as a whole could result. 

In a subsequent test the voltage drop from line to ground was 
only 11 per cent. The relay was adjusted not to respond. It 
seems undesirable to have the selective relay too sensitive for 
fear it might respond to some single-phase Y overload. It can 
be made non-responsive to the particular unbalancing of phases 
due to a single-phase delta overload. 

Fig. 11, oscillogram 26, shows on its upper record the current in 
the selective relay and trip-coil circuit. The selective relay 
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required about four cycles to close after the arc started (shown 
by the drop of potential on the lower record). Initially thére 
was one little rebound of the relay contact (shown in the upper 
record) and then a gradual, although variable, building up of 
the direct current. Тһе variations are due, in part, to the line 
drop when the motors attached to the switches started up. 

Fig. 12, oscillogram 33, was taken at a higher speed to show the 
harmonics in the ground current. There was a poor contact 
which caused some sparking. These sparks set up extra os- 
cillations superimposed on the harmonics. 

Fig. 13, oscillogram 35, was taken with the expectation of 
showing the second lock shut operation of the switch, buc the 
film was not quite long enough to record the second closing. In- 
stead of using an arc around an insulator, metal electrodes set a 
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Fic. 11.—ОзсШоргат 26 on test of arcing ground suppressor 


little below spark potential to ground were used, so that the arc 
would restrike after the first extinction by the suppressor. Some 
other circuit conditions were also changed; the deflection of the 
current in the arcing ground was increased and the resistance in 
series with the arc reduced to a small value. The effect of this 
is shown by the low potential from line to ground (3800 volts) 
on the lower record during the arc. Also the external resistance 
in series with the grounding switch was reduced to zero. When 
the switch rod reaches its home socket, the potential to ground is 
reduced to zero. The internal resistance in the switch pot 
delays this reduction for two cycles after the arc is extinguished 
and again raises the potential through the pot resistance two 
cycles before the switch opens and restrikes the arc. Тһе records 
are so similar to the previous ones that no further comments 
are necessary except perhaps to draw attention to a surge of 
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ground current of 3.6 times normal in the arcing circuit (upper 
record) at the moment of restriking the arc. The deflection 
passed through both the other records and nearly reached the 
bottom edge of the film. This current rush was due to the elec- 
trostatic charging current of the line when connected at nearly 


CURRENT TO GROUND 
2.9 AMPERES EFF. 


Fic. 12.--Oscillogram 33 on test of arcing ground suppressor 


the peak value of dynamic potential with only a low resistance 
in series. This is the effect which usually starts the disastrous 
phenomena of arcing grounds. The voltage from line to ground 
at this instant (lower record) shows a rise of potential for an 
instant to nearly normal value, when the grounding arc struck 
again. 


-> ШЦ ree enne 3.84 МАХ, ШІ 
МЛІШІЛІ Т!!! CURRENT IN THE ARCING GROUND ІШІ 


ИЙҮҮ CURRENT IN THE SWITCH ІШ 
2.9 AMPS, EFF. 
ШШШ ШАМ, ААА aaa PHI 
ЧҮҮҮҮҮҮҮҮҮҮҮҮҮҮҮҮҮҮЧҮҮТҮҮҮҮҮҮҮҮ ТҮТІН 
«26000 VOLTS MAX, | 


PRSE POTENTIAL, LINE TO GROUND | 


banana 
ARAL 
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Fic. 13.—Oscillogram 35 on test of arcing ground suppressor 


Territorial Limitation of the Operation of а Single Arc Sup- 
pressor. Тһе best location of the arc suppressor 15 usually at 
the power house, although cases may arise where some central 
switching station gives greater convenience. То get figures on 
the limitation of a device, the line constants of a 45-kilovolt 
System are used as a basis. Тһе Y potential to ground is nor- 
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mally 26 kilovolts the charging current about 0.15 amperes, 
per mile and the inductive reactance about 0.75 ohms per mile 
and impedance 0.86 ohms per mile at 60 cycles. 

Assume onc phase grounded at the power house by the opera- 
tion of its protecting switch caused by an insulator arcing over 
far out on a straight away line. The potential of this phase at 
the generator is zero, but the line wire is not zero throughout 
its entire length. There may be a considerable potential at the 
faulty insulator. This is found by multiplying the total charging 
current in the line by half the impedance. 

Since all the treatises on the subject of line capacity assume 
a normal condition of no grounded phase, the electrostatic 
capacity to the ground can be and is neglected. When a phase 
is grounded the several factors take on variable degrees of im- 
portance and become confused. On this account a discussion is 
here given of grounded phase capacities; first, in an analogy, 


- = — — GROUND 


Fic. 14.— Electrostatic flux, non-grounded condition 


second, in its physical theory, and third, in its mathematical 
theory. 

Analogy of Grounded Phase. Grounding a phase of an electrical 
system has about the same electrical effect as the mechanical 
shifting of a cart wheel axis from the center of the whecls to some 
excentric point out near the rim of the wheels. The body of the 
cart would rise and fall by the amount of the excentricity. 
Theoretically, it would not require any тоге total energy to 
pull the cart because the energy given to lift the body is returned 
when it descends. At a high speed the cart would progress by 
jumps. Ina three-phase electric circuit with one phase grounded 
all the apparatus will rise and fall in potential during every half- 
cycle. If there is resonance, the rise will be more than Y poten- 
tial. If the ground is arcing, the electrical conditions correspond 
to a flat wheel on the cart. Every time it drops it bumps and 
sets up vibrations or oscillations throughout the body or system. 
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Physical Theory of a Grounded Phase. For simplification as- 
sume the condition of a single-phase circuit with the wires 
equally distant from ground. If the two wires are connected 
to a generator, one wire, at an instant, will be charged to a defi- 
nite positive potential above earth potential and the other to ап 
equal negative potential below earth potential. There will be 
two sets of static fluxes or displacement currents. One set 
passes between conductors without intervention. The other 
set passes between conductors with the intervention of the earth’s 
surface. In terms-of displacement, the earth being a conductor, 
collapses all the static lines that would have existed in that same `` 
volume. In so doing it shortens the path between conductors 
slightly and by releasing the static stress in that neighborhood, 
lines of static force from elsewhere in the static field will be 
pressed into the earth in order to balance all the forces. The 


EARTH = “<> 


Fic. 15.—Electrostatic flux, one grounded wire 


conditions are shown in Fig. 14. According to the older method 
of representation there is both a negative and positive charge at 
zero potential induced on the earth. 

Anything which shortens the electrostatic lines of force be- 
tween two conductors increases the displacement in the dielectric. 
The total displacement in the dielectric is the quantity of elec- 
tricity in the electrostatic charge. Since the definition of the 
capacity is the ratio of the quantity of static electricity to the 
electric pressure, the capacity is increased by anything which 
shortens the static lines of force. When the earth is at a rela- 
tively great distance from the two line conductors it will not be 
in a dense part of the electrostatic field between conductors 
and will not, therefore, shorten appreciably any great percentage 
of the displacement flux. In other words, the presence of the 
earth will not much affect the electrostatic capacity of the wires. 

If now the negative wire is connected to earth, all the electro- 
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static lines of force between that conductors and earth will be 
collapsed by the fact that the displacement in the diclectric is 
relieved by a conduction current through the vertical grounding 
conductor. Following along any line of force in Fig. 14 from 
positive wire to negative wire through the earth, any static line of 
force has been shortened by one-half. The conditions of di- 
electric displacement are represented in Fig. 15. There are 
several things that have taken place: 

First, the electrostatic flux between the negative wire and the 
ground has disappeared. 

second, the electrostatic flux between the positive wire and 
the ground has expanded to fill up the space left free by the 
collapse of the flux between the negative wire and ground. 

Third, the entire field of flux has been bent down toward the 
earth. The earth is now one terminal and by its great surface 
gives a relatively shorter distance for many lines which previous 
to the grounding took long curved paths between wires. 

Fourth, due to the two causes, namely, disappearance of 
negative flux to ground and stealing of line to line flux, the flux 
or diclectric displacement from the positive wire to earth has 
been greatly increased. 

Fifth, in the first enumeration above there is inferred that a 
current flows along the grounding conductor to the negative 
line when the corresponding electrostatic flux collapsed. There 
is an additional current in the grounding conductor due to the 
increase in flux from the non-grounded wire to earth. It should 
be remembered that the generator is the source of energy and is 
connected to the line wires. Therefore, the only way the single 
charge on the surface of the earth can get there 15 through the 
grounding conductor. The grounding conductor is now shown 
іп Fig. 15 as it 1s not assumed to be in the plane of the paper. 

Sixth, in the foregoing fifth enumeration it has been stated 
that the grounding offers a shorter path for some of the lines of 
force between wires by way of the earth. In other words, for the 
same potential difference between wires there is less displace- 
ment current to the grounded line wire—its clectrostatic ca- 
pacity is less. There is another significance to this statement. 
Some of the charging current to satisfy the capacity between 
wires which formerly flowed along the negative wire now flows 
to the earth through the grounding connection. 

Seventh, the positive or non-grounded wire has a greater 
flux or displacement current for the same difference of potential 
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between generator terminals and, therefore, its capacity is in- 
creased. In other words, it has a greater charging current after 
grounding the other line wire than before. 

The conditions are shown diagrammatically in Fig. 16. 
The charging current to ground is Аз, to the negative wire 15 
А which is much below normal value, and the total capacity cur- 
rent tothe non-grounded line wire 15 4; +42. 

Summing up this phvsical thcorv, the grounding of a wire of a 
single-phase system does the following things in general: 

1. It brings into prominence the capacity of the non-grounded 
wire relative to the earth. This capacity corresponds to the 
condition of a single overhcad conductor with earth return. 

2. Since this capacity is distributed and the grounding con- 
nection only at one point, the capacity current must flow along 


Fic. 16.—Electrostatic flux, one grounded wire (longitudinal view) 


the wire to the carth connection during cach half cvcle of the 
generator. 

3. The grounded wire must have a small current supplied to 
it to keep it at zero potential. 

The relative values of the foregoing factors must be determined 
by calculation. 

With the solution of the value of current to ground in 
hand, the proof is easy of the initial statement that а 
grounded wire does not remain at zero or ground poten- 
tial throughout its length. It may be added that its poten- 
tial difference to ground varies directly as the distance away 
from the grounded point of the line. The charging cur- 
rent that flows into and out of the grounded phase wire in 
an endeavor to keep it at zero potential must pass through the 
inductance and resistance of the wire. Using the well known 
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method of assuming the capacity of the total length of line 
concentrated at half the length, and using the charging current 
of this condenser passing through half the inductance of the 
line, the drop of potential from the protecting grounding switch 
to the faulty insulator assumes the following form: 


per mile, where L and Г, are the inductance and charging current 
per mile. Since the inductance and capacity current both have 
to be multiplied by the number of miles to the ij insulator 
the equation for the potential becomes 


= $ L w I-X (miles)? 


For a 45-kilovolt line the constants assume the approximate 
value of 0.06. For a 100-mile (161-km.) line the drop should 
be about 600 volts with a charging current of about 15 
amperes. At 200 miles (322 km.) the potential drop should be 
about 2400 volts. 

Such a straight away length of line would be unusual but radial 
trunk lines each with branches with emergency loops may give 
a considerable length of line. In the case of multiple branches, 
each branch may first be considered independently, and then 
combined with its corresponding length of trunk line inductance. 
In the case of radial feeders, the grounding current is the sum of 
all the capacity currents but the drop of potential between the 
arcing ground and the station involves only its own capacity 
current after the suppressor grounds the phase at the station. 

The foregoing voltages may be considered the usual values. 
The actual potential drops may be different due to three causes: 

1. The apparatus has capacity. 

2. Ап overhcad grounded wire introduces a favorable element. 

3. The instantancous values of charging current during an 
arcing ground are many times as great as the 60-cycle charging 
current. Numerous oscillograms illustrating this condition 
were shown at the Frontenac mecting of the Institute by Mr. 
S. D. Sprong and the writer. The sudden current rushes when 
the arc 15 relighted at considerable potential produce a cor- 
respondingly higher drop of potential at the faulty insulator. 
There are still other factors which enter. Sufficient to say, how- 
ever, that tests on the Southern Power Company's System, one of 
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the largest in the world, show that the length of line that can be 
protected by a single protector is ample to cover all existing 
systems. | | 

Mathematical Solution of Capacities —In the following mathe- 
matical solutions the fundamental equation for the potential 
of a conductor in electrostatic units is used as a starting point. 


distance between wires (1) 
radius of wire 


У, =2 О, log, 


where V; is the potential to earth or neutral and О, the quantity 
of electricity per unit length. 
| | distance between wires 


V=4 О log. - (2) 


radius of wire 


where V is the total potential. The former is necessarily the 
equation for a wire with ground 
return because all the potential 
is between the wire and neutral 
and the latter for two wires with 
a neutral between them. 

Much confusion in writing po- 
tential equations will be avoided 
if it is initially noted that our usual linear representation of a sine 
wave of potential, rising above and successively falling below 
zero 1s an inaccurate and misleading representation of what is 
taking place іп an alternating current circuit, although, it must 
be confessed, it is for general use a convenient form in which 
to use it. The oscillograms of voltage or potential (so called) 
repeat this inaccuracy and further fix the misconception. The 
bifilar oscillograph never gives a potential curve. It produces 
a current curve that is proportional to the difference of potential. 
This potential difference produces a current first in onc direction 
then in the other, which gives the misrepresentation of the po- 
tential of the generator. For example, an oscillogram giving a 
positive peak potential of 140 volts indicates that when the poten- 
tial reverses to the same ncgative value that the total change of 
potential is 280 volts. The actual maximum difference of poten- 
tial either instantly or successively is only 140 volts. In Fig. 17 
is shown the oscillogram in the large sine wave and the real 
potential waves in the twin curves which increase one positively 
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and the other negatively simultaneously; each curve has a value 
ofi Е sina. То bring equations (1) and (2) to practical units 
involves the value of the velocitv of light. Slightly varying 
values have been used. In volts, coulombs, microfarads, and 
common logarithms the equation for potential of a mile length 
of two parallel overhead wires becomes: 


_ (4 u) 2 э) 
У = (ст Тор : Q- ( 51.3 log в 0) (8) 


712 15 the distance from the center of one wire to the surface 

of the other, or with sufficient approximation from center to 

center of the aerial wires, О is the number of coulombs per mile. 

The value 0.078 is the transformation " ч 

constant depending on the velocity of +i) nr Oy, 

light, logarithms, etc., mentioned above. ys Do 

From the authors the writer has im- | 

mediately at hand, the following values , | 

are found: 0.0772, 0.0775. 0.0776, (d 

0.0784 and 0.0845. б b, 
The constant 0.078 corresponds to а — —1————3À—— —&«m 

velocity of light of about 184,000 miles 

(29.6Ж10? cm.) рег sec. The constant 

0.0845 corresponds to a velocity of 

179,000 mi. (28.8X 10° cm.) per sec. 
The assumption is made that the law Ó Ò 

of potential of a conductor due (01468005, macora 

own charge and that of several charges A 

around it is known. Then for the two | 

conductors іп Fig. 17а with the dimensions shown, positive 

charges on both conductors and the earth as a return. 


— 
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71 


У, = (25.65 log ) Qi ( 25.65 log A) Q: (4) 


1 


519 
719 


у, = ( 25.65 log 3 0, (5) 


) Qi (25-65 log 
2 

The factors in parenthesis are known as potential coefficients. 
Starting with equations (4) and (5) a number of numerical 
problems will be solved all of which unless otherwise designated 
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will have the following constants. Size of all wires the same, 
viz., No. OB. & S., radius of wire, г, =7. = 0.1624 in. (4.07 mm.). 
Distance between centers, 48 in. (1.219 m.). Height above 
ground 360 in. (9.14 m.); therefore, 511 = 522 = 720 in. (18.28 m.). 
The diagonal distance 512 is about 722 in. (18.33 m.). 

Problem 1. Find the capacity of wire 1 when wire 2 1s used 
as return. For convenience an instant in time will be chosen 
when wire 1 is positive in every case following. Wire 1 is at 
‚ + У, above zero potential and wire 2 is at — V» potential below 
the earth. Тһе total potential difference is И, + Из = У. The 
generated potential is equally positive and negative and since 
the two wires are of the same size and parallel with the earth, 
they are in symmetrical relation and therefore У,=— Vs. The 
same argument holds in respect to the quantities of electricity, 
therefore О, =— Оз. Equation (4) then becomes 


V= 51 ( log Е — log =" )] О, (6) 
1 12 


Ву combining the logarithms the total capacity of wire 1 тау 
be written 


1 1 


= - - 20 Т SSS eee 7 
51.3 log (5 <i) 51.3 (log c log T) 7) 


512 Гц 1 


С, = 


This equation for the capacity between conductors has an 


m $ | 
unfamiliar appearance due to the presence of log En which 
12 
represents the effect of the ground in increasing the capacity 
of the conductors. "The ratio of the height of a conductor above 
its image to the diagonal distance to the image of the other con- 
ductor is approximately one for all usual conditions of overhead 


: | | 0 
wires. Іп this case the log of the ratio e produces only 


0.000003 microfarads difference іп the capacity of a wire. The 
capacity of wire 1 cones to 0.0079 microfarads, or more con- 
veniently expressed 7.9 milli-microfarads. 

In order to learn when the presence of the ground might 
become a factor in the capacity worthy of consideration the two 
wires were separated to 150 in. (3.81 m.) and the height above 


402 CREIGHTON: LINE PROTECTION [Feb. 14 


the earth calculated such that an error of one per cent would 
be involved in the value of capacity when the presence of the 
earth is neglected. The height of the wires is 16 ft. (4.87 m.) 
It is evident that it would be necessary to string the wires on 
separate pole lincs to make it worth while to use the complete 
equation. 

The standard simplified equation of an overhead wire and 
return with no grounds on either is 


C= ВИЕ жене microfarads рег mile. (8) 


51.3 log s 
1. 


Problem 2. What is the capacity of wire 1 when wire 2 is 
grounded? And under this condition what is the capacity of 
wire 2 and the earth? What is the distribution of charge be- 
twcen wire 2 and the earth? Іп equation (4) and (5) the follow- 
ing new conditions are introduced. Тһе potential of wire 2 
becomes zero, — V2=0. Тһе potential difference between the 
wires remaining constant, wire 1 rises to VitV2.=say V. 
The charge Qe remains negative at zero potential. 


ys (25.65 log 2x) О ( 25.65 log —2 ) о: (9) 
71 712 

O= (25.65 log эз.) О ( 25.65 log 3 0, (10) 
712 T» 


With wire 2 connected to one terminal of the gencrator, and 
wire 2 and the earth to the other terminal, there are evidently 
three quantities of electricity to be considered, namely +0; on 
wire 1 and an equal negative charge distributed between wire 2 
(1.е., Оз) and the earth. The quantity of electricity on the 
earth is not represented in the equation directly, thercfore, it 
must be found from О, — Qe. Equation (10) gives immediately 
the ratio of charge between wires 1 and 2 and, therefore, also 
the ratio of capacities С, to C». 


log  — 
(ice soe — 0 (11) 


log ~~ 
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Substituting equation (11) in equation (9) gives an expression 
from which the total capacity of wire 1 can be taken. 


wet ee = | К : V3 
F (25.65 log =) (12) 
25.65 log mE m кє " " e | 

.65 1ор f 


In the numerical example this gives 11.9 milli-microfarads 
per mile for wire 1. By grounding wire 2 thc capacity of wire 1 
has increased from 7.9 to 11.9 milli-microfarads which is 153 per 
cent. | 

The ratio of the quantity of electricity О» on wire 2 to the 
quantity on wire 1 is 


0:- p QO, 2.322 Q, (13) 
Since wire 1 contains the total quantity of electricity and wire 
2 has 32 per cent of the opposite sign, the rest, namely 78 per 
cent, is on the earth. | 
The capacity of wire 2 has been reduced by being grounded. 
From equation (13) 1% can be found directly, or by substituting 
equation (13) in equation (9) again it can be expressed as follows: 


ee C 
(25.65 jos aL) : 
IDE = — 25.65 log 1° (14) 
25.05 log 52 йы | 


12 


Numerically this becomes in the example 3.83 milli-micro- 
farads. Е 

The capacity of wire 2 drops, on grounding, from 7.9 to 3.83 
which is to 483 percent. In other terms, wire 2 lost 52 per cent, 
which is just about the amount gained in capacity by wire 1 due 
to the grounding of wire 2. 

Problem 3. Опе wire with earth return, the other wire being 
insulated. In this case the potential of wire 1 must be taken, 
as in the 2nd example, as twice the potential to neutral, that is 
2V,=V. The symbol for the potential of the insulated wire 2 
remains V; as it now is. Since, however, it is insulated its 
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charge Q: is zero. There will be a separation of equal charges 
of positive and negative electricity due to the electrostatic in- 
duction from wire 1 and the earth, or in other terms, some of the 
electrostatic flux from wire 1 will pass into and immediately out 
of the wire 2 in a general perpendicular direction. Since the path 
of the electrostatic flux 1$ shortened by only the diameter of 
wire 2, the presence of wire 2, which 15 at some distance from 
wire 1, will have no appreciable effect on its value of electro- 
static capacity. Equations (4) and (5) become: 


У = (25.65 log тн ) О, (15) 
1 
У. = (25. 65 log з") О, (16) 
12 
The capacity of wire 1 is 
(eee ea. (17) 


25.65 log E M 


In the numerical example it becomes 10.64 milli-microfarads. 
This capacity of a single wire with ground return is 135 per cent 
of that of a wire when two wires with no grounding exists, amg 
895 рег cent of its value when wire 2 is grounded. 

Since wire 2 has no charge its capacity is useless. Its potential 
may be found by substituting the value of О, of equation (15) 
in equation (16). 


о. (18) 


Numerically, this gives У, = 0.322 V, the fraction 0.322 15 
the value of the mutual capacity of wires 1 and 2 previously 
determined. 

Problem За. Distance between two non-grounded wires to 
give the same capacity as one wire with earth return. It has 
been demonstrated that one No. 0 B. & S. wire with earth 
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return at 30 ft. (9.14 m.) distance gives a greater capacity than 
a return wire at 48 in. (1.21 m.). The ratio is 10.64 to 7.9. 
How close will these two non-grounded wires have to be placed 
to give 10.64 milli-microfarads? The answer is 10.82 inches 
(25.72 cm.) 

Problem 4. When two overhead wires are connected to 
potentials of the same sign and a ground return is used, the 
conditions are similar to those that Heaviside solved to tele- 
graph circuits some thirty years ayo. 

Assume the conductors are of the same diameter and connected 
to the same bus bar. This corresponds іп practice to the соп-. 
dition of two wires of the same phase but of a different circuit on 
the same pole line. 

Then + Vs- Vi, and Qs, no matter what its value, is equal 
to Qi so long as the two wires are at the same height above 
ground and have similar environments, О, and 0» are both 
positive. 

The equations of the potentials take the following forms: 


у, = (25. 65 log эч) Qi4 (25. 05 log гп) О, (19) 


71 


у. = (25-6 AR) 0+ (25. 65 log э О, (90) 


The capacity of cither wire 1 or wire 2 is: 


ОТ 1 
Яо асан: ces ee re eee AOT) 


25.65 CES $0.4 log su) 25.65 log 205 


1 712 


The corresponding numerical solution for the factors chosen 
previously, gives the value of 8.1 milli-microfarads for each 
wire to ground. Since the two wires are at the same potential 
their mutual capacity 15 useless. 

When wire 1 alone was used it gave 10.64 milli-microfarads 
to ground but when 1 and 2 are used together wire 1 gives only 
8.1 milli-microfarads (76 per cent) to ground. Wire 2 has the 
same capacity to ground, and since the two wires now form 
parallel condensers the total capacity to ground is 16.2 milli- 
microfarads. It should be noted that the two wires іп parallel 
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give a greater capacity than one wire but not twice as great. 
The ratio for two No. 0 wires spaced 48 in. (1.21 m.), 30 ft. 
(9.14 m.) above ground, is 1535 per cent increase in capacity 
over one wire. In other words, one of these wires is іп the elec- 
trostatic field of the other and can not therefore add its full dis- 
placement flux. ° 

If the two wires were on separate pole lines then one would 
be well out of the region of dense flux of the other and the 
capacities of the two together toward earth would, therefore, 
be more nearly equal to twice the capacity of one toward earth. 
As an example, take a spacing of 100 ft. or 1200 in. (30.48 m.) 
between lines instead of 48 in. (1.21 m.). This gives a capacity 
for each wire toward ground as 10.52 milli-microfarads. 

The two wires as parallel condensers give twice 10.52 milli- 
microfarads equal 21.04 milli-microfarads which is about 1.98 
(nearly twice) the capacity of one alone toward ground. 

Problem 5. The capacity of wire 1 to wire 2 is indeterminate 
in this foregoing case. It becomes determinate if wire 1 and 
wire 2 are not connected together and are charged to a dif- 
ferent positive potential. This condition corresponds to a tele- 
graphic circuit, a problem that Mr. Oliver Heaviside included 
in his general solution. This solution is reproduced here in 
terms of practical units, to bring out the relations of “ capacity 
cocfficients ” and “ mutual capacity coefficients.” 

It will prevent confusion if 1t is emphasized now that the 
“capacity cocfficients " is not the capacity except where the 
“ mutual capacity coefficient " is associated with a charge at 
zero potential. 

Equations (4) and (5) can be simplified for purposes of con- 
venience by the use of '' potential cocfficients ” as follows: 


Vi= pi Qit Pie Оо (22) 
Vs рі Qit poe Оз (23) 


The solution of these equations in terms of quantity give 


P? Р Pie Қ 
=, SSS —— $ 9 
0, Pir f — фа? "m ри Px — ра? Vz (24) 


& Ра yvy _ Риа _ y 
Q: dr а pi Fa 20) 
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In terms of “ capacity coefficients " and “ mutual capacity 
coefficients " they take the convenient form 


О. = Cii И, — Сі Г. (26) 
Q:=— Со У, + Соз V2 (27) 
Where Сі is the “ capacity coefficient " of wire 1 and expressed 


in terms of dimensions is 


25.65 log = 
Cu=——z—™"- (28) 


Z is the denominator common to all the coefficients, namely, 
Cii, Сіз, C21, and С». It has a value 


2 
Z= (25.65 log эм.) (25.65 log 247 )- ( 25.65 log fe ) (29) 


71 799 19 


The “‘ mutual capacity " between conductors — Cie is equal 
to — Cay 


12 
9—2 (30) 


and the ' capacity coefficient " of wire 2 is 


25.65 log - E = 
1 


(31) 


If the wires are the same size and the same height above 
ground then their “ capacities coefficients " are identical С 
= C33 and are identical with the values already calculated by the 
potential equations. 

The “ mutual capacity coefficient ” for the numerical problem 
1s 3.83 milli-microfarads per mile. It is the same value as found 
for the capacity of wire 2 toward wire 1 when wire 2 was grounded. 
But it is entirely different from the capacity of wires 1 to 2 
When neither is grounded. The coefficient of “‘ mutual ca- 
pacity ” is always negative. Let us examine what this means. 
Gradually change РУ; and follow the effect produced. 
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In equation (26) the quantity of electricity О, on wire 1 
is diminished in proportion to the “ mutual capacity " Cis if the 
potential of wire 2 15 of the same sign as Vi. Ап example has 
already been worked out, namely when the two wires were 
connected together t.e., Уз = Vi. Ata distance of 48 in. (1.21 m.) 
apart, wire lhad a capacity of 8.1 milli-microfarads toward earth 
whereas when wire 2 was grounded wire 1 had a capacity of 11.9 
milli-microfarads total. In other words, the quantity of elec- 
tricity on wire 1 was diminished by the proportion 11.9 — 8.1 
=3.8 milli-microfarads due to the ' "mutual capacity coeffi- 
cient " and making the potential of „= Vi. At this potential 
both wires are charged, say, positively. Now imagine wire 1 
and 2 disconnected and the potential of V2 gradually diminished 
by changing the potential of the source. As this process takes 
place О, increases because the subtraction effect of the “ Mutual 
capacity coefficient " in equation (26) 1s decreasing. At the 
same time the quantity of clectricity on wire 2 is diminishing. 
This charge will reach zero before the potential У. equals zero. 
It will in fact take place when С» „= Cr И, 


Cis -75 У, =0.32 Vi 

As V: decreases still further toward zero the quantity on wire 2, 
namely Qe, changes sign and becomes negative. When V: 
reaches zero then the subtraction factor involving the “© coeffi- 
cient " of mutual capacity іп equation (26) disappears. 

If now the potential V2 of wire 2 is made negative then the 
factor containing the “ mutual capacity coefficient " in equation 
(26) becomes positive and a still further quantity 1$ now added to 
wire 1 by the “ mutual capacity ". The quantity on wire 2, 
already turned negative, continues to increase in negative value 
with the change of potential. 

From this cycle of change it is scen that the total capacity 
may be the sum or difference of the ' capacity and mutual 
capacity coefficients," or it may be equal to the ''capacity 
cocfficient ” itself according to the sign and value of the potential 
associated with the coefficient of ' mutual capacity." There 15 
less possibility of an error in signs if the total capacity is solved 
directly from the equations of potential coefficients as used by 
the writer. 

Problem 6. Effect of overhead grounded wire. These 
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single-phase relations can be extended to three-phase, but before 
involving the third wire in the circuit, it 1$ important т соппес- 
tion with protection against accidental arcing grounds to note 
the effect of an overhead grounded wire under two conditions, 
namely, normal operation and one phase grounded. If the 
grounded overhead wire were placed at the symmetrical neutral 
plane it would have no effect on the capacity currents during 
normal operation. Fig. 175 shows the condition chosen. Wire 3 
is an overhead grounded wire and wire 2 is grounded. 


(32) 
Ж (25.65 log su) res (25.65 : г) Q, — (25.65 tog 7! Jj Qs 
(33) 
O= (25.65 log 4) Oc (25.65 log з) V E (25. 65 log 5») Q; 
(34) 


О = (25. 65 log = =a!) О. — (2: 5.65 log 5) (25 — (25 3.65 log у О» 


У=ри О, — pis 0,— Біз Оз (96) 
O — pis О, — pss Qs — pos Оз (36) 
O= рз Qi — pos Qo — раз Оз (3T) 


The solution of equations (35),(36) and (37) gives 


= = pis pis Pas (^; pss — pao 2 
V Е þa + p» рз рес 


- pis (Po Ра Р» ра) о, (38) 


This equation will give the value of capacity for wire 1 but 
since we desire not hair splitting refinements but just the general 
effect, a very approximate solution can be obtained easier by 
certain assumptions. 

Approximately: 


33 (39) 


р 
23 = різ (40) 
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Substituting these values, 


y- Б ауын ытта т ӨТУІН 


11 Pu ри: р? piv? рл? 
(41) 
MEM 
Ра = 25.65 log 0.1624 = 94 6 (42) 
ГЕЛІ oed AG (43) 
48 
Ү=80 О, 
C,=0.0125 


With wire 2 only grounded the capacity of wire 1 was 11.9 
milli-microfarads. Therefore the increase due to the presence 
of the ground wire is 0.6 milli-microfarads, an increase of only 
5 per cent. 

A more important question to answer is, how much does the 
overhead grounded wire relieve wire 2 of the electrostatic charg- 
ing current. Since wires 2 and 3 are equidistant from wire 1, 


Q» = Qs approximately, and the ratio кесе is the relative са- 
А 77 №1 


pacity of wires 2 and 3. 
From equation (34) of the group, 


pos О + pas Qa = pis Qi (44) 
_ (ри ач 
= ER o o es Qı (45) 
О.=25.2 per cent Qı С = 0.00315 


(Оз = 25.2 per cent О, 
О (оп ground) = 48.6 рег cent О, 


Total—100 per cent 


The presence of the grounded overhead wire has reduced the 
charging current on wire 2, when it is grounded, from 32.2 to 
25.2 рег cent that is, to 785 per cent of its previous value or 1 of 
its normal value. Thus the overhead grounded wire increases 
the range of distance over which a single arcing ground sur- 
pressor will protect. 
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Problem 7. Capacity of wire 1 entirely surrounded. 

It is of some interest to figure out the ultimate upper limit 
of capacity of wire 1 when surrounded by numerous wires 
grounded and spaced 48 in. (1.21 m.) from wire 1. This is 
easily done by assuming that the grounded wires form practi- : 
cally a solid tube around wire 1. Then the formula becomes 
that for a concentric cable. 


1 
25.65 log 


2l оул; 
48 — EE .0158 microfarads per mi. (46) 
0.1624 


C= 


It is seen at a glance at the equation that the capacity of the 
concentric condition is just twice the capacity (100 per cent 
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increase) of two wires of the same metallic spacing not grounded. 
The addition of the first few wires distributed on a circumference 
of 48-іп. (1.21-т.) radius rapidly raises the capacity of wire 1 
toward its ultimate maximum. Each of the surrounding wires 
are lowered by subdivision of the charge. 

By dividing the circumference of a 48-in. (1.21-тп.) radius into 
1870 wires set close together each wire would have a proportional 
part of the capacity of the central wire giving each a capacity 
of about 84 micro-microfarads. 

Problem 8. Wire 1 surrounded by four wires symmetrically 
placed, but not grounded. To give a numerical conception of 
the foregoing statement and also to show short methods in cal- 
culations the problem of Fig. 17с is solved: 


> 
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If wires 2, 3, 4 and 5 are connected together but not grounded 
what are the capacities? The two cquations involving the 


44 


potential coefficients " may be written directly: 


І | à 
Vi=pu О, — pi “ — різ ы pia = pis e 


— Vi=peQi- Раг Рэз 


à | 
Total Г=(ри- piz) Qi — (Pis Ёз) "s (Pia — Рз) 4 
» 
рро A = (pa pia и 
V = (ри — fis О. + (р: + post past pas) “ 
Qi 
—(psctpactbpuatbps) Ч 


Approximately piet разра pis=+ рі» 
Peit рэ. = 2 par 
Ри = р.» 


Collecting these terms: 


V= (12: 25 pub P + Р. — эр) Qi 


Approximately the numerical values become: 


720 


=25.65X 3.646 =93.5 
ри = 5 log 0 1624 3.65x3.616 293.5 
a . = 720 -- 
Poa = 25.65 log — o 2225.05x0.8:5-22.4 
6 
T: 


0 
— = o7 = 25.65 X 1.025 = 26.3 
6/.5 


(47) 


(48) 


(49) 


(60) 


(51) 
(52) 
(53) 


(54) 


(55) 


(56) 


(57) 
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-9 
Pig = 25.65 log a = 25.65 1.176 = 30.15 (58) 
V = (1.665+ 5.64 13.15 — 60,3) О, (69) 
1 | 
Сп = == = 0.01354 microfarads рег mi. (60) 


490 


The four wires surrounding wire ] increase its capacity - 
13.54 


= 172 per cent. 


7.9 

Wire 2 of surrounding wires has its capacity reduced from 7.9 
"ES Ib que Ae la 

milli-microfarads, when alone, to E = 3.38 milli-microfarads 


when one of four. 

Although the foregoing problem is not one likely to be met in 
practice it is only necessary to ground the surrounding or ad- 
jacent wires and the practical condition is reached of one circuit 
in operation and a parallel circuit on the same pole line grounded 
while making repairs. 

The following table summarizes the numerical results. The 
height above ground is 30 ft. (9.14 m.) in every case and the 
distance between No. 0 В. & S. conductors 48 in. (1.21 m.) 
except in problem 3a. 


| | 
| pun | Comparable capacities Q | Qg 
1 = 4 3 55, :, ў ds 
Example tween: Condition ои исар | Or 4 
| wires | | 
и ЕЕ MCI ECL MEN E ғай EN 
| 1 45 in. 1 rs. 2 1 t5 2 2 to 1 b to иг. 2 to pr. ] 0 
н neither 7.90 7.9 0 003 0.005 | 
| | grounded | 
| 1 rs. 2 l to 2+G 2 to 1 pen i 
| 2 * | and С 11.90 3.83 8.07 — 0.322 0 678 
1 to G 
3 ы 1 only rs. С 10.64 — — — 9 i] 
b. | 221102 2 to 1 
3Ja 10.82 1 rs. 2 | 10.64 10.64 --- - 1 0 
in. neither | 
grounded | 
4 4Sin.| land 2 
together 1 to б ] 22 to G -- 2 toG !l 2 
| ts. ground 8.1 ‚ 162 | SN I 
6 ы | es. 2+G+, 1 to all | 1to2 lto кг. | 25 оло 
| gr. wire | 12.5 3.15 52 
| RE cM ono c ere. ET = poe ee Se "noc 
| . | 1 to суі. | 2 to] 
7 АХ т. | dors eyl | 15.8 0 008 | ооз — 
8 2 | vs. 4 wires 1 to all ] to 2 


| по G 13.24 | 3.33 0.25 E 


414 CREIGHTON: LINE PROTECTION [Feb. 14 


Having gone thus far with nothing but simple problems in 
sight, the writer doubts the advisability of taking up more space 
with further calculations. Numerical examples have shown 
general relations which can be extended to multiple conductors. 
High accuracy in capacity measurements of transmission lines is 
quite unnecessary and inconsistent in the light of errors intro- 
duced from such causes as harmonics, therefore in solving in- 
volved problems it is permissible to assume identities between 
‘the logarithms of ratios that are nearly alike. This simplifies 
complicated relations to such an extent that calculations are 
readily made. Certain other factors may be eliminated on 
inspection. For example, a parallel wire with practically zero 
charge disappears immediately from the equation of capacity 
of any other conductor. The carth at a total charge of zero 
affects inappreciably the capacity of a pair of conductors unless 
the earth forms an appreciable part of the total path of the 
clectrostatic flux; in other words the earth at zero charge total 
exerts an inappreciable effect unless the two wires are nearer 
the earth than to each other. Тһе earth when charged, 4.е., 
used as a return conductor, exerts a great influence on the 
capacity by ifs large surface. Тһе mutual capacity between 
the conductor and one other of a surrounding group of wires 
can be estimated frequently by using a mean logarithmic distance 
and the concentric cable capacity of the conductor reduced with 
judgment to correspond to the surrounding condition. 

So long as circuits operate normally with their natural neutral 
undisturbed the capacity and the mutual capacity relations 
have little vital interest but when an accidental arcing ground 
occurs these constants may rise suddenly to importance. 

One of the important factors in contemplated protective de- 
devices is this one of mutual interaction of conductors. 

Maintenance of the Accidental Arc at the Insulator. There 
are no data on the relations of voltage, current and arc length for 
accidental arcs on insulators. The dangers to insulation on a 
system in making such tests practically, are so great that oper- 
ating engineers can not undertake the risk for the personal value 
of the results. Тһе principal value of the results lies in their use 
to design an insulator which will extinguish its own grounding 
current. Such a thing is practicable on short lines. Тһе 
solution of the problem of the relations of arc length to voltage, 
length of line, etc., involves a discussion of a number of factors 
relative to internal surges. Тһе matter of internal surges 15 
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too extensive and too involved to find a place as part of this 
paper. Certain relations of arc current and potential, however, 
may be pointed out. Oscillographic studies have been made by 
a number of scientists on arcs for illuminating purposes. These 
arcs are maintained under stable conditions. Stable conditions 
involve arcs of comparatively short lengths in inductive cir- 
cuits where the current lags more or less behind the impressed 
e.m.f. In a circuit where the capacity predominates thearc 
current reduces to zero before the potential and 1s not reéstab- 
lished in the opposite direction until the potential passes through 
zero and rises sufficient to reéstablish the arc. This interval 
between the extinction and relighting of the arc gives it a chance 
to cool and deionize. Тһе potential to strike the arc across this 
space 15 frequently the spark potential of the gap. Іп other 
words, in order to maintain an arc in a condenser circuit, the arc 
length 15 frequently limited to the spark length. Furthermore, 
the arc is usually unstable even during а half cycle, when the 
potential is in one direction. As the voltage rises there 15 a 
spark, a sudden rush of current attended with morc or less 
oscillations, and, since the condenser becomes charged, an ex- 
tinction of the arc. This may be repeated any number of times 
during а half cycle of the generator, according to the local 
conditions. e 

If the grounding current of a line were purely capacity current 

most of the arcing grounds would be extinguished by the natural 
conditions. The inductance of the line and, since the same 
current as the current to ground must pass to the not-grounded 
phases through the coils of the generator and transformers, the 
inductance of the apparatus is involved. The presence of this 
inductance aids in maintaining a grounding arc although it is 
insufficient to produce a lagging current. 
. Some accidental flashes over single insulators are extinguished 
without causing a noticeable disturbance. These transient 
grounds have been noted and recorded on a lightning arrester 
discharge recorder but not actually observed. 

From our knowledge of the conditions two possible explana- 
tions of the extinction of the arc may be made. First, the spark 
around the insulator may take place at an instant when the 
gencrator voltage is either decreasing or near zero. Second, the 
spark may take place on the lea side of an insułator and a favor- 
able wind at right angles to the line whip out the arc. 

When all these factors favorable to the extinguishment of the 
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grounding arc are considered and there is added to this a metallic 
ground at the protector which maintains the generator end of the 
phase at constant zero potential and is in parallel with the arc 
with the intervention only of the line inductance, there is little 
or no chance of maintaining an arcing ground even at great 
distances from the protector. 

Tests of Arc Lengths, Current, and Potential at Variable Power 
Factors. Long ares by reason of their temperature tend to rise. 
They are wafted about by local air currents and frequently 
loop back and short circuit a part of the arc length. Some times 
an arc is cntirely broken by a local air current and reéstablished 
by a spark in the succeeding half-cvcle of the generator wave. 
These variations make it impossible to study an arc by means 


ғ” 


This illustration shows six exposures. 
Each exposure had a duration of one 
milli-second. The time between схроѕигсѕ 
was eight. cycles. (0.13. sec.). The first 
exposure took place, as shown in Fig. 185, 
four cycles after the current started, 
The are was started by means of small 
wires projecting from each horn and, as 
the photograph plainly shows, the arc had 
not yet burned the fuse wire back to the 
horns. The third exposure shows the 
arc in the act of short circuiting a small 
upper loop. While this shortening took 
place at the highest part of the arc the 
other parts were being lengthened so that 
it happened that no appreciable change 
took place in the potential wave. 


Fic. ISA 


of the usual ammeters and vol meters. Bv a combination of the 
oscillograph, photographic plates and revolving discs it is 
practicable to obtain instantaneous records which can һе exam- 
ined and measured at leisure. Some of the preliminary studies 
of long arcs are given herewith. These complicated tests were 
Carried out by Mr. Н. E. Nichols. А camera was placed behind 
a revolving disc which contained a hole to give successive ex- 
posures. A contacting device connected т circuit with one of 
the oscillographic vibrators makes the vibrator deflect every 
time an exposure of the camera is made. The are length can be 
measured on the photograph and the simultaneous current and 
voltage at each exposure can be taken from the oscillogram since 
the other two vibrators were used to record the curves of current 
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and voltage of the arc. It is then necessary to start the exposure 
on the oscillographic film and immediately afterwards the arc 
at the horns. Somctimes the arc was started by means of a 
static spark properly timed and at other times by means of a 
shortened gap. This latter consists in nearly closing the gap by 
means of a fine wire (Я mil. diameter in these tests). It 1s better 
thus to bridge only a part of the gap, rather than all of it, with a 
fuse, as the arc will burn the fuse wire out of the way quicker than 
it can otherwise melt and blow it. "This is important where 
small currents are involved and rapid action necessary. 

A complete test consists of three parts, at least— namely, 
the photograph of the successive positions of the arc, the cor- 
responding oscillogram, and the tabulated values or curves of arc 
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The lower record shows the instant of exposure of the photographs of arcs. the middle 
record the current in the arc, and the upper record the potential across the are. The 
transformer feeds a condenser and. therefore, the current leads the e.m.f. by 90 deg. The 


final values of current show that the arc ceases very gradually. The arc lengthens and 
cools, takes more voltage and decreases the current without any abrupt changes. 


length, versus potential or current. Since the study is being 
made with alternating currents there is some question concerning 
the proper expression for the voltage and current. Shall it be 
the effective value, the initial maximum, the usuai ‘value after 
the arc is established, or one of the several other expressions? 
The initial peak value of potential across the arc is important 
because it determines whether the arc can be relighted or not bv 
the circuit. Тһе more time the arc has to cool between half 
cycles of the generator wave the morc the potential required to 
again establish the arc with the current in the opposite direction. 
In all these arcs there is usually а period about midway in the 
half-cycle when the current and potential hold briefly at nearly 
aconstant value. These readings are valuable in giving informa- 
tion of the conditions of an established arc. The peak potential 
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and the usual potential or potential of the established arc are 
plotted in the tests herewith reproduced. 

Test No. 1. This test consists of four parts, Figs. 18а, 186, 
18c, 18d, viz., photograph of the arcs on the horns, one oscillo- 
gram corresponding thereto, one oscillogram taken subsequentlv 
with the film at higher speed to show the detailed forms of waves 
of current and potential, and curves of arc length versus po- 
tentials and current. Comments and further details are given 
under each figure. 

Test No. 2. Figs. 18e, 18f, 18g and 18h. This test differs 
from the previous test in that the circuit has high inductance 
and consequently a large angle of lag, of current behind the 
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The current and potential of an arc in series with the same condenser. Тһе last three 
cycles of potential show the ncrmal form of potential across the arc. The first and second 
cycle are distorted by the effect of an air current on the arc which nearly extinguished it. 
In the second cycle the potential remained high for а proportionately long time before 
the current could get above 0.2 amperes. Apparently this particular arc had an unstable 
value at 0.2 amperes. Compare it to the stable condition of current shown in the suc- 
ceeding cycles. After the third exposure there is evidence in the potential wave that the 
arc resistance decreased due probably to shortening. Тһе position of the arc relative to 
the plane of the horns is not shown in the illustration (18a) and, therefore, the arc length is 
of somewhat indefinite value. 


impressed e.m.f. Тһе e.m.f. across the arc is in phase with 
the current. Тһе wave shape of current 15 different and the 
c.m.f. across the arc correspondingly changed. 


GENERAL DiscussioN ОЕ THE РЕОТЕСТІУЕ PROBLEMS 


With the assurance that the new apparatus for the protection 
against an accidental grounded phase will do away with a large : 
percentage of line troubles due to lightning, it seems worth while 
to make a general survey to determine the nature of the phe- 
nomena to be met and the degree of solution already achieved 
in the vital problem of absolute continuity of service. 

Two New Terms to Express Conditions of Protection. In 
the discussion of phenomena relating to line protection, it has 
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been necessary to coin terms to briefly express what would other- 
wise require a sentence or paragraph. Two of these terms are 
tentatively offered as follows: 

Super-Spark Potential. Dielectric spark lag is a condition 
that has been known for several years. There is always this 
interval after potential is applied before the spark forms. Dur- 
ing this period ionization of the gap takes place. If the applied 
potential is just equal to the spark potential it requires a con- 
siderable interval of time to ionize the gap. In one particular 
case described at the Jefferson meeting it required several seconds. 
Ав the applied potential is increased above the long-time- 


Curves of arc length versus current and 
potentials. Up to 10 in. the current 
preserves а nearly constant value of 1.2 
amperes and then drops. Both the peak 
potential and the potential of the stable 


arc are nearly proportional to the arc 
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applied-spark potential the spark lag decreases. This potential 
in excess of the spark potential is herein designated as the super- 
spark-potential. So far as measured, the relation between the 
super-spark-potential and the dielectric-spark-lag is hyperbolic. 
As a numerical illustration, when the super-spark-potential 
was 10 per cent above the spark potential, the dielectric spark 
lag was 200 milliseconds. When it was 100 per cent above the 
spark potential, 2.е., double potential, the spark lag was reduced 
to five milliseconds. 

Dielectric-spark-lag should be distinguished from the lag 
in the formation of an arc around an insulator (or other device 
that involves corona streamers) when a spark potential at a 
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normal frequency is applied. This distinction is made farther 
on. 

The second new term that is used herein is bolt-peak, or some- 
times, bolt-point. 

Bolt-Peak. An overhanging thundercloud induces static elec- 
tricity on the line which is graded in density according to the 
nearness of the point on the line to the charge in the cloud. The 
point of maximum charge is designated as the bolt-peak. When 
the bolt of lightning discharges to ground near the line, the bolt- 
peak on the line exists at a point having the shortest perpendicu- 
lar distance to the path of the lightning... If the path of the 
lightning is inclined to the line the bolt-peak on the line may not 
be the point on the line nearest the point on the earth struck by 


Seven exposures of arc rising on horns. 
Exposure four shows a loop of arc short 
circuiting on itself at the highest point. 
Due to an accidental air current the arc 
rose better on one horn than on the other. 

At the right is shown the arcs in the 
plane of the horns. This is taken by the 
use of a mirror at a 45-deg. angle to the 
camera. The photograph shows that 
the arcs are practically in the same place 
and measurements of the lengths on the 
front view side will be correct, 
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the lightning bolt, although it usually is. If the line itself is 
struck the bolt-peak naturally occurs at that point. 

Nature of Surges on Overhead Lines. Separating the internal 
surges in apparatus from the surges in the line, it is convenient 
to treat line surges under three heads, namely, lightning, reson- 
ance, and stationary waves. The most frequent cause of trouble 
is hvhtning which is the subject of the following treatment. 

Lightning Induction. Electrostatic induction on a transmis- 
sion line is of a fairly uniform nature, although the induction 
differs in intensity from a neghgible value up to a direct stroke 
coming from а large cloud or group of clouds. Not from actual 
observation, but from our knowledge of electrostatics, the fol- 
lowing well known theory of the mechamsm of charge and dis- 
charge has been formulated. 
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А charged cloud ог its equivalent is in a position above the 
line. By electrostatic induction a charge is drawn onto the line 
because the line is nearer the cloud than the ground 15. As- 
suming the case of a cloud nearly overhead and discharging to 
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This oscillogram of current and potential of the arcs is very similar to the previous case. 
The current starts higher, at 3.86 amperes, and gradually decreases—this, however, results 
from the regulation of the circuit. 

A very important phenomenon in the theory of long arcs is illustrated during the last 
cycle of current. In the cycle before the last the potential rises to 12,500 volts and the 
current to 1.1 amperes. This half cycle wave of voltage shows the characteristic form for 
the potential drop across an arc but the following half-cycle does not, although there is a 
current in the arc. The voltage rises to 15,900 volts but it causes only a small current 
which has the nature of a leakage current. This current is insufficient to give the arc its 
usual '' negative characteristics " and yet enough to prevent the gases from being entirely 
deionized. | 

During this brief period the photographic record does not show what changes are taking 
place in the arc length. However, some important information of the arc in its last flickers 
may be obtained from a tabulation of currents and potentials of the oscillogram. Starting 
with the first cycle after the extinction of the arc and working backward, in successive 
half-cy и the difference of potential is 1,700 volts at zero current, 15,900 volts at 0.22 am- 

eres, 12,500 volts at 1.1 amperes, 10,300 volts at 1.6 amperes, and 10,000 at 1.7 amperes. 
Up t to he value of 2 amperes, the equation of these points follows a straight line 


V 217,000—8,210 7 


$ 
The equation cannot possibly hold true much beyond the limit given. 


It is probable that during these last two cycles of current the arc does not change much 
in length. On this assumption that the potential of the ge а , Pies. directly with the 
roduct of current times resistance the resistance per unit length of th are may be found. 
Using simultaneous values the potential was about 4,500 alte when the current wa 


1.1 amperes. This gives a resistance of 4,100 ohms total (180 ohms per inch, 2,160 ohms per 
ft., 71 ohms per cm.). At the peak value of 12,500 volts on the same half-cvcle the simul- 
taneous curre nt was 0. 15 amperes which gives a resist: inc с of 83,000 ohms total (3,600 ohms 
per inch, 43.200 ohms per ft., 1. 430 ohms рег ст. . Calculations from the last half cycle of 
current at 0. 22 amperes gives 73,000 ohms total (3,200 í hms per inch, 38,400 per ft., 1,250 
ohms per cm ) 

A useful value of resistance may be found by using the peak potential and peak current 
in each half cycle. These values are not simultaneous but they give an average resistanci 
during a half cycle. The corresponding values are as follows: 12,500 volts, 1.1 amperes 
and 11,409 ohms total; 10,300 volts 1.6 amperes, and 6,400 ohms total; 10,000 volts, 1.7 am- 
peres, and 5,900 ohms total. These tests. as already stated аге pre liminary and due to the 
methods of tests аге only roughly app-oximate. 


ground near but not onto the lines, the fixed charge on the lines 
at the moment of cloud discharge will be very much concentrated. 
Soon after it is freed it tends to spread over the lines and dis- 


tribute itself uniformly. There is the corresponding charge of 
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the opposite sign on the ground underneath. In order to movea 
charge of electricity, current, involving electromagnetic energy, 
must be built up: in other words the moving charge meets the 
self-induction of the line wire. Therefore the localized potential 


2 509 VOLTS 


3750 VOLTS 


0.09 AMPERES 


31 AMPERES 


Fic. 18G 


Subsequent high speed oscillogram of arc rising on horns. Details of the shapes of the 
waves are evident. The same phenomenon of final current is again reproduced as in 
Fig. 18f. This current has a value of 0.09 amperes at 16,000 volts. The length of arc 
was not photographed but it is presumably about the same as the one photographed in 
Fig. 18/, viz., about 23 in. (58.3 cm.) long. 


_ PEAK AMPERES ,, 
PEAK VOLTS $ 


= 
& 


10 
ARC LENGTH IN INCHES 


Fic. 18H 


Arc length versus current and difference of potential. Since all three factors .riz., length, 
current and potential varied, it is not possiblc to deduce the equation for long arcs from it. 
However, it gives the exact phenomena taking place in horn gaps in series circuit. 


will be held momentarily on the insulators. This much of the 
theory has been repeated a number of times. 

Rapid Electrostatic Induction Causing Heavy Currents on the 
Line During Cloud Discharge. In addition to the foregoing 
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there is a phenomenon taking place during vertical strokes not 
yet emphasized. At the instant that the charge is sct free on the 
line there is reason to state that the charge is not in a quiescent 
condition. 

Figs. 19 and 20 are attempts to illustrate what the theory 
leads us to believe takes place. Fig. 19 illustrates the quiescent 
condition. Fig. 20 is the active condition. While the bolt of 
ightning is forming, the rush of static from opposite directions 


THUNDER CLOUD 
NEARLY VERTICAL 
OVER THE LINE 


M SOR REEL ы име 
= т> WIRE 
REPRESENTATION OF INDUCED STATIC. 


Fic. 19.— Thunder cloud nearly vertical over line 


magnifies the potential at the bolt-point on the line. Further- 
more, the time of application of high potential is increased, due 
to the necessity of doubly transforming the electromagnetic 
energy of the current in order to reverse it in direction, and by its 
outward flow from the bolt-point relieve the strain. If the 
potential 1s high enough and the time of application long enough, 
а '' spill-over " on the insulator about the bolt point will take 
place. If the bolt from the cloud strikes near the line the bolt- 


THUNDER CLOUD 


NDUCED STATIC PILIN^ UP 
AT THE BOLT PEAK, . 
LINE 


EL е WIRE 


Fic. 20.—Thunder cloud discharging 


peak may send out a streamer to the main bolt, which is, in 
effect, a side-stroke to the line. This theory is given to lead up 
to a discussion of the use of arresters to protect lines. 
Possibility of Using Lightning Arresters to Protect Against the 
Bolt-Peak. In the foregoing theory it is indicated how the 
induction on the line from a cloud may extend over as much as 
a mile, yet when the lightning bolt takes place it may cause a 
bolt-peak on the line confined to a very short length. АП the 
experience with broken insulators and damaged poles show a 


424 CREIGHTON: LINE PROTECTION [Feb. 14 


narrow localization of the trouble on onc to four poles, the latter 
only for wooden poles and direct strokes on the line. This will 
be discussed further, under direct strokes. It is conclusive that 
in order to be effective, hghtning arresters to protect the line 
against the bolt-peaks of static induction would have to be 
placed with comparatively short distances between them. What 
this spacing should be can only be guessed at. 

Some observations lead one to say that it would be necessary 
to have an arrester at every tower or perhaps every other tower. 
Insulators have been known to spark over two towers away from 
a protected insulator. The danger is relative, being controlled 
by the relation of the protective value of the apparatus at one 
insulator to the spark potential of insulators on any adjacent 
tower. The better the insulator, the greater the possibility of 
protecting at some distance away. 

It is doubtful if any known arrester situated on the line at 
some distance from the bolt-peak would be able to trap this 
moving charge as it rushed by in the travel toward the bolt-peak. 
This doubt comes from a consideration of the dielectric-spark- 
lag of апу ғар of an arrester and the velocity of movement of the 
charge along the line. With an assumed distance of 1000 ft. 
(304 m.) between the arrester and the bolt-point and the charge 
of electricitv rushing toward the bolt-point at the rate of 180,000 
miles (590,550 km). per second, the diclectric-spark-lag of the 
arrester would have to have the inipossible value of less than 
1/900 of a micro-second. Since the gap of an arrester so applied 
should not, for other reasons, be set close to line potential there 
will not be a great difference in the dielectric-spark-lag of the 
arrester and the usual insulator. In conclusion both operating 
and laboratory experience to date indicate the use of lightning 
arresters in reasonable numbers along the linc would not give a 
protective value sufficient to warrant their installation. The 
cost of a lightning arrester varies directly with the voltage and it 
would require more conviction than the evidence now in hand 
gives, to warrant the expense. 

Trolley Liue Arresters. "This discussion does not cover the 
case of lightning arrestcrs, along a trolley line. Lightning ar- 
resters along а trolley circuit are in reality, to assist in the pro- 
tection of car apparatus. That they protect the line also, to a 
certain extent, 1s an incidental matter. Furthermore the circuit 
voltage being low the cost of the arrester 1$ not such as to make 
its use 1n considerable numbers along the line prohibitive. 
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Why “ Spill-overs " Occur Usually оп Only One Insulator. 
With the foregoing theory of the static charge on the line in 
mind, an explanation of the frequent limitation of failure to one 
insulator can be added. In this theory апу high frequency which 
may be superimposed on the charge when it is freed by the cloud 
discharge will be neglected. At the instant that the charges on 
the several wires of the transmission line are freed, there is 
probably only a slight inequality in the potential of the hghtning 
on the several wires or phases. Due, however, to this inequality 
and also perhaps inequality in the dielectric strength of the in- 
sulators of different wires one insulator will fail before the others. 


ok 
Шы қ 
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GROUND’ GROUND ` 
Fic. 21.—Capacity of lines to. Fic. 22.— Capacity of lines to 
ground for lightning ground, one wire grounded 


There appears instantly two effects—one electrostatic and the 
other electromagnetic. 

In releasing the potential strain on one wirc relative to ground, 
the strain on the other wires is reduced, although there may be no 
change іп the charges on the other wires. This is due to the 
change in static capacity of the system. Before the single in- 
sulator breaks down all the wires are acting as one plate of a 
condenser with the ground as the other plate. (Fig. 21.) On 
account of the great distance to the ground the static capacity 
of the wires is relatively small. Ав soon as a single conductor is 
grounded (Fig. 22) it becomes oppositely charged and the 
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static capacity of each of the other conductors is relatively 

increased by the proximity of this grounded conductor. The 

same charge in a larger static capacity lowers the voltage ac- 
Q 


cording to the fundamental equation V = =. 


C 


The lowering of the voltage retards the spark by the value 
represented on the hyperbolic curve of diolectric-spark-lag 
versus time. During this added interval the static charges left 
on the wires have time to spread in both directions along the 
wires and thereby lower the potential strains still further. The 
capacity of one conductor of three at six feet (1.8 m.) apart used 
as one plate of a condenser, with the ground 30 ft. (9 m.) away 
as the other, has a capacity of 0.0055 microfarads. This same 
conductor grounded gives an added capacity to each of the 
other conductors of 0.006 microfarads or a total increase of 230 
per cent. 


Fic. 23.— Electromagnetic induction between lines 


The electromagnetic effect is much greater apparently than 
the clectrostatic effect of the change of capacity. 

With the middle wire grounded as shown in Fig. 23 there will 
be a rush of current toward the grounded point. These two 
currents represented by the non-feathered arrows will induce 
extra electromotive forces in the adjacent wires which give an 
added 1mpulse to relieve the potential strains on the other wires. 
The induced potential is represented by the feathered arrows. 

Apparently these two factors are so important that the ma- 
jority of insulator “ spill-overs " are limited to one insulator. 
However it is evident that the phenomenon of reduced voltage, 
due to these two factors, has its limitations and more than one 
insulator тау be caused to fail. 

Numerical Conceptions of the Factors of Induced Lightning. 
There is so frequently formed a misconception of the functions 
of a lightning arrester in discharging lightning and dynamic 
currents that the following calculations are given to aid in defining 
the requirements. Especially in foreign installation has it 
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been brought many times to the writer’s attention that certain 
type of arresters were operating satisfactorily, the judgment being 
based entirely either on the number of times the arrester had 
sparked or, on the brilliancy of the spark. Neither of these 
qualities are necessarily a measure of the value of the arrester. 
High resistance arresters with small series gaps spark easily with- 
out giving much protection. Arresters allowing considerable 
dynamic to follow may give both brilliancy of spark and noise 
in discharge and yet not be very effective. 

The following approximate assumptions are made: One mule 
(1.6 km.) of line having about 0.012 microfarads capacity to an 
overhead grounded wire is charged to 100,000 volts potential 
by lightning. 

In this charge the quantity of electricity 15 0.0012 coulombs 
and the energy 60 joules. 

This energy would light a 50-lamp arc circuit for less than 
0.004 second. 

It would light a 16 c.p. incandescent lamp for about one second. 

At 10 cents per kw-hr. it would cost 0.000016 cent. 

It would raise one pound (0.45 kg.) weight about 40 ft. (6 m.). 

The quantity 0.0012 coulombs traveling along a line at its 
natural rate of speed, 180,000 miles (590,550 km.) per sccond, 
represents a current wave of about 2000 amperes and would have 
to be discharged at that rate if the potential at the end of the 
line is to be kept down. 

If the charge oscillates at 10,000 cycles per second 1t represents 
a current of about 12 ampcres. 

If allowed to discharge at the rate of one-half ampere it would 
require 0.001 second to reduce the potential to about half, t.e., 
50,000 volts; if at the rate of 600 amperes the time would be re- 
duced to 0.000001 second. 

When this energy of discharge is transformed into chemical 
energy its relative value sinks into still further insignificance. 
For example, it would deposit only 0.0000013 grams of silver. 
For the disassociation of aluminum it would give a number of the 
same order. 

If all the energy were dissipated in heat in the aluminum 
arrester instead of being absorbed mostly in chemical action, 1t 
would raise one gallon (3.8 liters) of electrolyte only 0.0037 deg. 
cent. 

These quantities are quite small, still it takes much less energy 
to puncture a small hole іп any ordinary insulation. If the 
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charge on the line were at a million volts, the foregoing values 
would still be small. 

If a good lightning arrester with a high rate of discharge, а 
large clectrochemical absorption capacity, a large heat capacity, 
and taking practically no dynamic current, makes no fuss or 
noise in the ordinary discharge, or docs not permit of a large 
puncture of a paper in a series gap, it is no indication that the 
arrester is not performing its function of protecting. 

Some Observations on Direct Strokes. There is а possible 
gradual increase in intensity of lightning potential on a line 
varving from a negligible impulse up to the irresistable lightning 
bolt derived from a dozen large clouds. Theory and observation, 
however, indicate that there is, in general, а clear cut demarkation 
between the induced and direct strokes. Unless there is some 
high conductor in the neighborhood of a line, the conditions of 
cloud discharge, the height of the line, and the good horizontal 
conductivity of the wires favor either striking the line or striking 
at some distance from it. The factors of suddenness of forma- 
tion of the thunder clouds, the particular localization of cold 
air coming in contact with jets or spouts of moist warm air, 
relative distances, and so forth have no doubt a strong bearing 
on the subject. The theories of cloud formation given by Dr. 
Steinmetz a number of years ago satisfactorily explains many of 
the various phenomena of direct strokes. This part of the 
subject is beyond the scope of this article. 

It is of scientific interest to know how close to a line a lightning 
bolt тау strike and cause a certain dangerous rise of potential, 
and how this potential 1s raised as a side-stroke from the main 
discharge, may lick out and touch the line, and how these side- 
strokes may varv in volume from a tiny static discharge up to 
the great volume of a direct bolt. 

It is of practical value to determine in general; first, the 
minimum distance that may exist between the main discharge 
and the bolt peak without causing а spill-over on апу particular 
{уре of insulator; second, in the next step in severity, to dc- 
termine the minimum distance between the main stroke and the 
bolt-peak on the line that may exist without causing insulators 
on two separate phases to spill-over simultaneously and cause 
a short-circuit of the power; third, to determine 1f it is practicable 
ever by means of lightning rods extending above the poles or 
towers to conduct the majority of lightning: bolts down through 
lines of reasonable spacing, without causing a spill-over of the 
power. 
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These broad engineering problems of protection must be solved 
before the natural growth of electrical power transmission can 
advance much further toward perfect continuity. Each year an ad- 
vance is made in some of the more obvious problems of protection. 
The problem of protection against lightning in its last stage—that 
is, protection against a direct stroke—is not the manufacturer's 
problem alone. There is nothing obvious in protective apparatus 
to sell and, therefore, the manufacturer’s interest must be simply 
to widen the ficld of use of transmission apparatus by giving 
immunity from trouble. No single transmission company can 
afford to spend the money and time necessary to solve these 
problems, each can help by making systematic observations. 
Judging from the present outlook, however, no rapid advance 
will be made until the matter is taken up formally and svs- 
tematically with the efforts centralized on some few particu- 
larly favorable svstems, the expense and work being shared 
possibly by an association of transmission companies, and the 
manufacturers of electrical apparatus. Тһе coóperation of the 
U. S. Weather Burcau, the Carnegie Institute, and such other 
societies interested would be of value. 

Some of the Effects of Direct Strokes. Some of the effects of 
direct strokes observed are given as follows: Where direct 
strokes occur, a short-circuit of the power usually accompanies. 
Insulators are usually shattered. If the direct stroke did not do 
it, the power arc would; it is thus impossible to attribute the 
cause entirely to the lightning. On the metal tower lines or 
where the insulator pins are grounded, the ares from direct 
strokes are confined usually to one tower. When, however, 
wooden cross arms and wooden poles or towers without metal 
grounding wires are used the direct bolt usually spreads over 
several poles or towers. The difference in these actions is due 
to the fact that the sparking distance for the case of the grounded 
pin is limited to the arciny distance of the insulator, a distance 
of the order of one foot (0.3 m.). The spark takes place before 
the charge can spread horizontally along the linc. When, how- 
ever, the sparking distance is 30 ft (9 m.) or more down the poles 
the charge has time to spread horizontally along the line (or 
perhaps the main bolt forks) and this divides between two or 
more poles or non-conducting supports. There is less hability 
of a direct bolt striking a line separated from the ground by 
wooden poles without lightning conductors but when such a line 
is struck the damage to the wooden poles frequently requires 
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renewals. Other things being equal, the transmission lines is 
probably somewhat more liable to be struck than trecs or other 
poorly conducting objects near and just as high because of the 
possibility of the electricity gathering horizontally along the 
wires and by the concentration of potential this should favor 
the formation of discharge from this point. In the case of the 
metal towers, which act as lightning conductors, there is, I 
believe, much to favor this path for the lightning bolt. Only 
two instances are known of lightning striking through the lines 
and burning them off midway between poles, without damaging 
the poles. It is probable that these were very sudden heavy 
strokes. 

Where lightning will strike, has been the subject of speculation 
by a number of scientists. Dr. Steinmetz has expressed the 
opinion that the charge follows the paths in the atmosphere 
that are under the greatest stress—this stress not being produced 
by the charges on a definite cloud and earth but by the accumu- 
lated charges at every point in the atmosphere. 

From the meagre data at hand and from the most plausible 
speculations the path of lightning will be decided by such factors 
as: 

1. The charges in the clouds. 

2. The ionization of the intervening layers. 

3. The shortest path of the stroke. 

This ionization of intervening layers of atmosphere depends 
upon such factors as moisture, temperature changes, and un- 
known sources. The effect of the local stresses on the path 
probably depends greatly on accidental conditions of air cur- 
rents, funnels, etc. 

It seems reasonable, however, to assume that there are certain 
layers of air not locally ionized but put under heavy static strain 
by the accumulation of electricity in the clouds and, therefore, 
the effect of the shortest distance between points must come into 
play. Everything else being equal, the highest conducting point 
must be struck by lightning. 

It seems probable that some other factors bearing on the 
direction of lightning strokes may later be recognized. Using 
the information and theory at hand it is the relative prominence 
of the second and third factors, namely, local ionization in the 
atmosphere versus the shortest path, which are of vital interest 
in the design of a circuit to be absolutely immune to lightning. 
The answer must be found to the question, what must be the 


1911] CREIGHTON: LINE PROTECTION 431 


spacing and height of the overhead grounded wires to prevent 
the local ionization between lines directing a lightning bolt on to 
the transmission wires? 

If there is a wind it is inconceivable that air ncar the earth 
could be very highly ionized. It is constantly being rolled over 
in contact with the earth which would tend to keep the potential 
down and somewhat uniformly distributed. 

If there is no wind and the atmosphere between widely 
separated overhead grounded wires becomes charged locally to a 
high potential there 15 the electrostatic force tending to draw the 
charges in the free moving atmosphere toward the grounded 
wires and thus discharge it. So far as these theories can be 
depended on they show that the law of the shortest path is 
the predominant factor near the overhead grounded wires. Тһе 
spacing between the protecting grounded wires and the power 
wires must be determined. This distance, to be safe to the 
power wires, is to be determined by taking into account the 
type and spark potential of the insulators, also the corona losses 
from the power wires. 

An endeavor has been made in the foregoing paragraphs 
to present the general nature of the problem of protection of 
transmission lines from lightning. In the extreme, there is at 
present no way of preventing some lightning affecting the opera- 
tion of a transmission circuit. And there has little been 
done to minimize the destructive effects of direct bolts. There 
is, however, something that can be done to minimize the effects 
of light strokes and induced strokes, and much can he done to 
prevent damage to the circuits and avoid interruptions of service. 

What has Been Done to Protect Lines. First. The overhead 
grounded wire has been used. Great stress has been laid on the 
electrostatic screening by the overhead wire but the electro- 
magnetic induction has been somewhat lost sight of. For 
example the practice of grounding every five poles on wooden 
pole lines may not be sufficiently frequent. A single overhead 
wire does not give perfect screening from electrostatic cloud 
induction. If, moreover, this screening charge must run a 
considerable distance to get to earth it may induce nearly full 
potential, by electromagnetic induction, on the power wires. 
To endeavor to get concrete ideas on this value experiments 
were made in imitation of the line conditions. 

The relations of the overhead grounded wire and a 
transmission wire are shown diagrammatically in Fig. 24. At 
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the instant the electrostatice lightning charge 15 freed. on 
the overhead grounded wire, the charge divides and rushes 
toward the nearest grounded point as shown by the arrows 
on the wire marked 1. Three condensers represent the distri- 
buted capacity of this wire. In the circuit of the transmission 
wire, marked 2, there are three gaps marked О which represent 
the gaps at the insulators. With a given discharge of potential 
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Fic. 24.— Diagram of overhead grounded wire on line 


on the overhead grounded wire, the question is, what potential 
will be induced on the insulators? 

Fig. 24 shows diagrammatically an equivalent circuit in the 
laboratory. It consists essentially of a loop within a loop. 
The levden jars at the right were charged by a static machine 
and suddenly discharged. The following values are given for 
two concentric loops having a total length of parallel wire 


GROUND 


Fig. 25. -Laüboratory connection in iniitation of grounded wire 


of approximately 200 ft. (60.96 m.). With an impressed potential 
at the jars represented by а gap of 2.55 inches (6.47 ст.) the 
induced potential on the line loop was 2.04 inches (5.18 ст.). 
The first test was made with a distance between loops of one 
foot (30.4 ст.) and the second test with a distance of two feet 
(60.9 cm.3. They both showed the same equivalent-needle-gap 
of 2.04 inches (5.18 ст.). That the greater distance should give 
the same induced potential was due perhaps to an accidental 
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condition of partial resonance. The potential on the line 
was 80 per cent of the potential of the ground wire. This 
suffices for the present to emphasize the value of frequent 
grounding of the overhead wire. There 1$ more work to be done 
before definite conclusion can be reached. 

Protection by High Potential and Chance. Aside trom the 
overhead grounded wire the natural conditions of growth to the 
use of higher voltages has led to a great improvement ш two 
wavs, viz., chance and corona. 

By the law of chance, potentials of lightning on a line have all- 
values from a mere nothing to a direct bolt. If the line is 
insulated to withstand 25 kilovolts all lightning within that 
range is harmless to the line, but there will be, general, numer- 
ous impulses of higher potential. If the line is insulated to 
withstand 200 kilovolts then there is added to the sum of the 
previously harmless impulses all those lying between 25 kilovolts 
and 200 kilovolts and the number above 200 kilovolts 18 сот- 
paratively few. Following up this reasoning and assuming the 
truth, in general, of the statement previously made that the 
lightning must either strike the line or clse strike some distance 
from it, there must be a certain degree of insulation for the 
hne which withstands the greatest induced stroke and is, therc- 
fore, affected only by direct strokes. Thus it would seem that 
the natural conditions of growth would reduce the problem of 
protection of trunk lines to the protection against side strokes 
and direct bolts. Perhaps 100 kilovolt lines are insulated to this 
critical value. 

This relative degree of exemption from lightning as the line 
potentials are increased. would make itself. glaringly evident 
were it not for another law entering. Ап increase іп potential 
accompanies naturally an increase in the length of line, and the 
increase in length increases directly the exposure to lightning. 

Protection by Corona. The second way the higher voltages 
give a greater degree of immunity is through the loss of electrical 
energy in corona. In the use of high potentials, the critical 
potential of brush discharge falls naturally only slightlv above 
the value of impressed potential. In fact in some recent proposi- 
tions it has been necessary to inerease the diameter of the line 
wire to keep the brush potential above the impressed potential. 
When this condition exists then all superimposed potentials 
above the corona potential cause а self-destructive loss of the 
electrical energy in such a surge. This electrical energy is 
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transformed into chemical energy—ozone is formed. The forma- 
tion of chemical energy in ozone is not a reversible process. 
The suppression of the surge 1s complete and effective. The 
use of the overhead grounded wire gives a great degree of uni- 
formity of corona discharge along the power wires. The grounded 
wire, by its proximity, thus rclieves greatly the concentration 
of corona around an insulator. Without the overhead grounded 
wirc, the relatively short air distance to ground at the insulator 
would give a higher potential gradient there than at any other 
point between insulating supports. Тһе corona discharge would 
be strongest at the insulator and furthermore the insulators would 
be called upon to discharge the entire quantity of clectricity 
between insulators. Heavy brush discharge casily changes into 
spark discharge, therefore, the insulator 1$ more hable to failure 
without the overhead grounded wire. 

If the formation of brush discharge has no time lag after the 
application. of potential, then the rapid collection of static 
toward the bolt-point at the instant of cloud discharge, will lose 
its vicious electromagnetic inertia by discharging at every inch 
along the line. At the time of writing no specific mcasurements 
have been made on this subject of lag of brush discharge by the 
writer. Some information may be gleaned from the following 
paragraph. 

It has been stated that surges of high potential can not cross 
the Rocky Mountains on the lines of the Central Colorado 
Power Company. The high part of the line is at such an altitude 
that the corona voltage is very little above the impressed voltage 
of the power. Consequently it appears that the surges at this 
point are lost in ozone. 

On trunk lines it is possible to choose the diameter of the line 
wire and potential such as to suppress all induced potentials from 
cloud lightning and all internal surges between lines. This 
leaves still the problems of caring for a lightning stroke near а 
station, and a direct stroke on the line. 

On the Design of Insulators. In the exemption from interrup- 
tion the design of the insulator must play an important part, 
especially is this true 1f 1t 1s expected to get the beneficial action 
in full of the insulator protector described hereinbefore. Тһе 
test for insulators has always been a gradual applied potential. 
[t 1s desirable to have the insulator flash around the petticoats 
rather than puncture. Testing out the separate petticoats and 
obtaining а flash-over at the limiting potential does not insure 
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that, when assembled, the insulator will spill-over rather than 
puncture. Furthermore, a design which may spill-over on 
gradually applied potentials may puncture on suddenly applied 
potential. Investigation of the laws of flash-over have been 
made. 

Line Construction апа Design from a Protective Standpoint. 
Most of the elements of design аге determined by mechanical 
requirements and cost of materials with reference to final 
economy. А discussion of cither of these factors 1s beyond the 
scope of this paper. In any engineering problem there are al- 
ways conflicting conditions to be met and the result is a com- 
promise between these factors. In the following paragraphs 
an endeavor is made to show the elements entering into the 
problem of protection against lightning. One may choose wood 
or iron according to the voltage, cost of materials, kind of service, 
and locality. What is good practice in California may be poor 
practice in Brazil. What is good practice in, the East may be 
poor practice in California. 

In the different forms of construction the clements entering 
to affect the protective qualities against lightning are: 

_ 1. Wooden poles. 

Wooden pole with vertical wire or metal tower. 
Lightning rod extending above the pole or tower. 
Wooden cross arm. 

Wooden pin. 

Wooden cross arm with metal pin. 

Metal cross arm with wooden pin. 

Grounded metal pin. 

One overhead grounded wire. 

Two overhead grounded wires. 

Location of overhead grounded wires. 

1. Wooden poles. From the meagre information of definite 
character that observation has given and from the theory, the 
statement is warranted that wooden pole lines are a little less 
liable to be struck than metal towers. When struck, however, 
the damage is frequently sufficient to necessitate renewals of 
poles. On trolley lines the wooden pole acts as an additional 
insulator against dynamic potential and is a valuable addition 
to lightning protection. 

2. A wooden pole with a wire run vertically up its side 1$ an 
equivalent, from a protective standpoint, of a metal tower with 
wooden crossarms. The presence of the vertical wire prevents 
damage to poles by direct stroke. 
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3. А lightning rod extending above a pole or tower gives, 
theoretically, a degree of immunity from the effects of direct 
stroke. No one has been able to observe whether the degree of 
protection warrants the expense. Assuming that a tower is 
struck it seems rather short-sighted to spend а considerable 
amount of money in overhead grounded wire and not add just 
а little more in an endeavor to keep the intense flame of the light- 
ning stroke above and far enough away from the line to prevent 
its blowing between phases and causing a short circuit. If the 
insulation from cach phase to ground is not sufficient to hold 
back the induced lightning when a tower is struck then the 
lightning rod is a useless expense. If the insulator is the small- 
est one designed for the specific voltage of the line and is set on 
a grounded iron pin, experience teaches quite definitely that the 
insulator would spill-over. Strokes 100 ft. (30 m.) from the 
line have caused such failures. However, with better insulation 
and with the possibilities of getting a certain number of light 
strokes or side strokes it 1s warrantable, it seems, to add the 
lightning rod in some cases. 

4. Wooden crossarms, when they can be used, add enormously 
to the insulation of an insulator against lightning. Elsewhere 
the writer has given tests to show that a crossarm even when wet 
gives good lightning protection. Its use on high potentials 
where it 1$ subject to burning off, if a failure of an insulator takes 
place, 1s justifiable only if by its use the number of interruptions 
become practically nothing. It ts usually better practise to 
ground the pin and interrupt the power for an instant more 
frequently, than to use the wood, and undertake the great expense 
and loss of time in locating and repairing a less frequent fault in 
the line. The advent of the arcing ground suppressor also throws 
the argument strongly in favor of the grounded pin. In dry 
climates and with medium voltages, a line wire may be carried 
for days in contact with a wooden crossarm and not burn it off. 

5. Wooden pin. On account of lack of strength the wooden 
pin has its limitations. On high voltages it is frequently digested 
by the static from the line. Тһе wooden pin, has the same value 
as the wooden crossarm in giving greater spacing between mctal 
parts and thereby cutting down the potential gradient. It 
increases the dielectric strength of an insulator. 

6. Wooden cross-arms with metal pins. In this case it seems 
that the use of a metal pin instead of a wooden pin is per- 
mussible even from а protective standpoint. The metal pin 
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has only its isolated capacity to draw a discharge from the line. 
The charging current to the pin can be obtained from a harmless 
corona streamer and there scems to be no appreciable danger of 
these streamers starting a grounding arc. 

7. Metal crossarm with wooden pin. This is a combination 
not often found. Where the smallest possible insulator is used 
the wooden pin, where possible, will be of considerable value in 
increasing the insulation. 

8. Grounded metal pin. This is the usual condition on high- 
tension lines dictated by mechanical requirements. As already 
indicated in a negative way 1n the discussion of wooden supports, 
the grounded metal pin requires the use of an insulator of larger 
dimension to give the same diclectric strength to ground as the 
normal insulator with a wooden pin. When the relative cost 
of the insulator to the rest of the line construction is taken Into 
account, a large insulator, giving a large factor of safety, is 
justified. Where continuity of service is of great value the 
extra sized insulator is a good investment. Where economy 
is necessarv it is usuallv better practice to put the investment 
in the insulation rather than in the overhead grounded wire. 

9, 10 and 11. Overhead grounded wire. While engincers 
arc generally agreed that overhead grounded wires give a con- 
siderable degree of protection— sufficient to justify the expense 
of their installation —there is almost nothing of definite character 
that has been given. Calculations on the screening effect with 
one grounded wire well above the line wires show a reduction 
in induced electrostatic potential of about 50 per cent. Labora- 
torv tests give values of the same order. Two overhead grounded 
wires are better than one—the extra protection given is un- 
known. So far as induced charges are concerned it is possible to 
arrange tests which will give fairly definite values. It will 
probably be done some day. Тһе conditions of protection 
against direct strokes are not amenable to experimentation and 
must be left to observation. 


CONDITIONS WITHOUT THE ARCING GROUND SUPPRESSOR 


The practice followed by operators of transmission lines has 
'aried considerably. The following classification is made: 

1. The accidental are to ground may be extinguished by the 
wind or other favorable condition. 

2. The power may be discontinued to clear the fault. 

3. The accidental arc to ground may Бе allowed to play until 
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(a) It breaks the petticoats off the insulator, or (b) until the 
surges damage some apparatus or other insulator and cause a 
short-circuit, or (c) until it burns off the power wire. 

1. An Arc to Ground Extinguishing Itself. Dr. Steinmetz 
has given some equations of the relation between current and 
arc length. These equations relate to conditions approaching 
unity power factor or lagging currents. There are no equations 
for arc lengths with the currents leading the e.m.f. 

Since the current from a phase to ground supplies the quantity | 
of electricity for the unbalanced electrostatic condition it is 
leading the e.m.f. to ground and produces, therefore, an unstable 
arc. During tests of a 20-mile (32 km.) 33-kilovolt transmission 
line, unloaded, with an average current to ground of 2.5 amperes, 
it was difficult to maintain an arc from wire to pin on an insu- 
lator designed for 45,000 volts, even when there was no wind 
blowing. To carry on the tests it was necessary to shield the 
arc from the wind and shorten it down to insure its continuance. 
This is a point in the design of a system that is well worth con- 
sidering. | 

During the past lightning season there have been several 
cases of arcing grounds on the lines of the Southern Power Com- 
pany that have cleared themselves. In the tests on the Schenec- 
{айу Power Company's lines a small gap to ground was made 
between electrodes that sprung apart as soon as the arc burned 
off a string. When these electrodes were pulled away suddenly to. 
a distance of four or five inches the arc to ground was frequently 
extinguished. The wave shapes of current in the arc vary 
widely depending on accidental shapes of the arc, its position 
redative to the vertical, the magnification of harmonics, etc. 
This matter 1s treated elsewhere. One of the important factors 
tending to extinguish the arc is the weakening or cooling of the 
arc by any means during the wave when the current is decreasing 
toward zero. This factor is especially important at the initial 
instant when the arc is struck. If the spark takes place during 
the period of decrease of potential there is a probability that in- 
sufficient metallic vapor will be formed to carry the conductivity 
over the period of zero current, which period is lengthened by 
the presence of electrostatic capacity. This condition together 
with the aid of a favorable wind perpendicular to the line cannot 
be depended upon except in rare cases. 

2. Discontinuance of the Power to Interrupt the Arcing Ground. 
Since the dangerous nature of an arcing ground has become so 
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generally appreciated, it has become the practice on many sys- 
tems to open the main switch and shut off the power for a minute 
in order to rid the line of this electrical octopus. It is a heroic 
method but lacking other means, it is nearly always advisable. 

3. When ап Arcing Ground is Allowed to Play. 

a. It cracks off the petticoats of the insulator. This cracking 
is due to unequal heating of the porcelain. In order to determine 
the characteristics of this action several samples of insulators 
were tried with different values of current. Some of the con- 
ditions of arc are shown in the accompanying photographs. 
The following summary covers most of the observations: 


Fic. 30.—Test 8 


Picture of insulator after four-ampere 
arc had played over it for 10 minutes 

Dimensions of Insulator. Total height 
6 in., (15.24 cm.) diameter of head 
61 in. (17.2 cm.) diameter of middle shell 
5 in. (12.7 cm.) diameter of bottom shell 
3j in. (7.77 cm.) 


Fic. 31.— Test 9 


Same type insulator as in test 8. 
Four ampere arc plaved for about one 
second—instantaneous photograph—in- 
sulator uninjured. 

The are does not rise under the two 
lower petticoats but it can be seen lying 
against the under surface of the upper 


petticoat to where it rises around the 
edge at the right and makes a high loop 
above the insulator back to the tie wire. 


The arc is usually shifting from one place to another on the 
petticoats due probably both to local air currents and to the 
electromagnetic forces. Ав a four-ampere arc licks around the 
edge of a petticoat, little slivers of porcelain are thrown off suc- 
cessively with a snappy noise. It requires several minutes to 
wear away a petticoat this way. Sometimes the arc will rise 
under a petticoat and run around part way underneath, hugging 
the porcelain, before it rises around the edge. This is especially 
true in the case of the flatter upper petticoat. Тһе arc of four 
amperes must remain a considerable fraction of a minute in one 
place to split off a large piece of the petticoat. 
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Several illustrations are shown, Figs. 30 to 361nclusive,* with 
explanations which illustrate the foregoing summary. The 
circuits were inductive with a lagging current from an arc light 
transformer. This gives the arc a stable condition which 1s not 
present when the insulator is in normal operation on the line. 
Тһе test gives a more severe condition of Pea of the porcelain 
than would obtain in practical use of the insulator. 

It will be shown later in tests on burning of line wires that large 
currents become safer to the insulators than certain smaller 


Fic. 33.—Test 14 


Same type insulator as in test 8— 
four-ampere are on for about 14 minutes 
time exposure of entire phenomenon— 
the insulator was considerably broken, 
especially the middle shell, one side of 
which was completely broken away. 


Same type insulator as test 8—four- The porcelain was also heated red hot in 
ampere arc played for about one second spots, 
and then blew out—time exposure of The large flame in this photograph is 
entire phenomenon insulator uninjured. not due to a large arc but to the movement 

The dissipated metallic vapor in the during the 1} minute of the same arc as 
loop over the insulator, which c aused the in the previous tests. The maximum 
extinguishment of the arc is plainly length of the arc was about two feet 
visible in the photograph. (60 cm.) 


values due to the fact that the electromagnetic forces tend to 
throw the arc out into a long loop away from the porcelain. 
b. The surges damage some apparatus or other insulator 
and thus cause a short circuit. 
The nature of the surges produced by an arcing ground are not 
very well understood. Arcing grounds on some systems have been 
allowed with impunity to play ten hours and not produce any 


*NOTE: Fi igs. 26, 27, 28 and 29 hav e bee n temporarily omitted from 
this paper by the author. 
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noticeable damage. On the same circuit an arcing ground for 
as many seconds has produced short-circuits in the heart of 
transformer windings and caused spill-overs on transformer bush- 
ings. Although exact values of capacity and inductance to 
cause trouble are not known, there are several generalities which 
can, from experience, be stated positively. Every piece of 
apparatus has its own natural frequency—every coil its own, 


and different parts of a system each has its own natural fre- 


Fic. 34.—Test 15 


Total height of insulator 14} 
(35.8 cm.) diameter of head 14 in. (35.5 
cm.) diameter of middle shell 94 in. 
(23.13 cm.) diameter of bottom shell 
Т} in. (17.9 cm.). 24-ampere arc played 


Fic. 35.—Test 17 


Same type insulator as in test 15— 


about two seconds—instantaneous еҳ- 24-ampere arc played about four seconds 
posure—the insulator was uninjured. and then blew out—time exposure of 
The arc follows the surface of the porce- entire phenomenon—the insulator was 


lain under every petticoat. From the uninjured. 


middle petticoat it rises vertically to the 
upper petticoat, turns to the right, 
passes back, then to the left to the op- 
posite outer edge. 


The movement of the arc is shown by 
the hazy streaks. The denser parts in- 
dicate a greater or less halt in the move- 
ment. 


quency. If the frequency derived from the arcing ground cor- 
responds to the natural frequency of some local circuit, resonance 
will result and unless the energy of resonance is absorbed by the 
natural conditions of load or by a special surge protector, a 
high localized potential will result. A considerable amount of 
data has been collected on specific conditions but the amount and 
nature of these tests and theories carries the matter outside 
the scope of this paper. Some generalizations regarding the 
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frequencies set up oy an arcing ground may, however, be added. 
In any circuit where electrostatic capacity predominates to givea 
leading current, the arc will tend to be extinguished and relighted 
at the natural frequency—in other words, the arc magnifies 
every slight change in the circuit. Harmonics that are invisible 
in the e.m.f. wave often become in the arc current more prominent 
than the fundamental wave of the generator. The magnification 
of the higher frequencies depends greatly on the instability of 
the arc. Тһе instability of the arc, in turn, depends on the 
relative values of arc length and arc current, also on the local 
` conditions of cooling, and rectification effects of the metal vapor. 

c. The Arc to Ground. Burns 
Off the Line Wire. In the 
early work on the arcing ground 
suppressor experiments were 
made to determine if the line 
wires could be burned off be- 
fore the protector could operate. 
It was immediately evident that 
the burning in two of a line wire 
took solong that it would not 
be a factor in the design of the 
protector. An anomalous con- 
dition was encountered, how- 
ever, which is of importance. 
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Medium large currents will not Fic. 36.—Test 18 
burn off a wire where less cur- Same type insulator as test 15--24- 
г ampere arc played for about eight seconds 
rent will. and then blew out—time exposure of 


. . - ti he > no —th i lat 
Specifically, first, there is a uninjured. |0000 E insulator was 
М ay . п this case, although the exposure is 
certain limit of current which twice er ави as in the речи, төй, 1655 
R . А trace of the arc is visible. is is ex- 
can be carried without over- plained by the ne that Yi arc was more 
е bd > st: r t . 
heating the wire at the crater of "У ол Me move 
the arc. Second, a little greater current will soften the copper 
and the wire will separate. Third, a still greater current intro- 
duces electromagnetic forces which are sufficient to drag the 
arc out along the wire. This movement of the arc carries the 
arc-crater to new positions on the wire before the copper reaches 
a dangerous temperature. Once the arc is lengthened it sets 
up air currents which coóperate with the electromagnetic 
p 
forces to keep the arc crater moving in and out along the wire. 
It isonly when some accidental condition occurs which holds the 


crater in a spot for considerable time that the wire will fail. 
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These accidental conditions rarely occur. Fourth, when the arc 
current becomes very large the wire is again in danger of melting 
due to the fact that the energy loss at the crater is so great that 
if the crater tarries a moment in its movement the damage is 
done. 

Experiments on Burning Off of Line Wires. Same numerical 
values are given below. The source of power was alternating 
current at 2,300 volts. The copper wires were stretched hori- 
zontally under two degrees of mechanical tension. Perpendicu- 
larly underneath each wire an iron insulator-pin was placed, 
leaving а gap of one-half inch. The arc was started by means of 
a fuse. 


Fic. 37 Fic. 38 
Arc of-10 amperes on the line wire. | 
The arc is about 2 in. (5.08 cm.) total This arc was also at 30 amperes. It 
height. The line wire is shown by the shows at the instant of exposure, a vertical 
short central horizontal line. The wire and horizontal loop. Later the arc rose 


burned off in 2.5 minutes. to nearly three feet before it broke. 


A- No. 6 B. & S. wire carried three amperes for 20 minutes 
without damage to itself. The wire became red hot, but the 
20 Ib. (9 kg.) of tension was not sufficient to break the wire. 

Under the same conditions a current of six amperes caused 
the wire to separate in 2.3 minutes. 

Next, a No. 4 B. & S. wire was used under a tension of 180 Ib. 
(81.6 kg.) 

It carried six amperes two minutes without damage. Тһе 
wire around the crater was heated to a dull red; 8.4 amperes 
were then applied for two minutes without damage; 12.2 amperes 
were then applied for 0.7 minute without damage. 

Twelve amperes being the limit of the series choke coils in 
use, a water rheostat was substituted and the current was in- 
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creased to 30 amperes with the idea of getting quicker burning. 
This did not occur. The arc left the shortest distance between 
the wire and pin. Опе crater traveled out along the wire and the 
other traveled vertically down the pin to its base. The result 
of this was an extinguishment of the arc in about one-quarter 
minute each time the potential was applied. The wire did not 
reach even red heat on account of the constant shifting of the 
crater. | 

Being impossible with the available potential to burn off the 
wire with 30 amperes, the current was reduced to 15 amperes 
and the wire separated at a point about one inch (2.5 cm.) to 


Fic. 39 
This arc was also at 30 amperes in- Fic. 40 

itially. It was taken at a time when а 

long loop had just short circuited itself The current in this arc was 15 amperes 
at about half way up its length. The A time exposure was made. There is 
upper part which was short circuited little movement of the craters of the arc. 
shows less metal vapor. Тһе height was The arc flame rises to a height of over 
about three feet (91 cm.). two feet (5.08 cm). 


the right of the point vertically over the pin in just one minute. 
The electromagnetic forces moved the arc out this far, but the 
resisting force exerted by the crater prevented any further move- 


ment. 
Subsequently, further tests were made and photographs were 


taken of the arcs. These are shown in Figs. 37 to 40 inclusive. 


CONCLUSION 


This paper has been written during hours away from regular 
duties, and several parts of the original outline have had to be 
omitted on account of lack of time. А specific problem and its 
solution have been in the foreground, but it is impossible to 
separate it from some of the other problems, as they naturally 
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overlap. Some of these subjects treated will be expanded later 
when the remaining problems of protection are taken up. 
There are numerous minor problems, but the main problems 
which are to be solved before absolute continuity of service can 
be attained are: Protection against direct strokes of lightning, 
the suppression of short circuits, the suppression of internal 
surges, and the prevention of malicious or willful interference. 
More or less satisfactory solutions of all but the last mentioned 
problem аге in sight. Will the demand for great continuity 
of service warrant the expense involved in getting such service? 
А collection of a considerable amount of data, shows conclusively, 
on analysis, that the greatest number of interruptions in light- 
ning infested localities is due directly and indirectly to the single 
arcing ground around an insulator or in cable systems to a single 
puncture from one phase to the cable sheath. The-arcing ground 
suppressor, backed up by aluminum arresters, will prevent in- 
terruption of service and damage to apparatus іп the majority 
of these cases. This improvement should in general bring the 
service above the existing standards or requirements. It may 
be possible to meet the higher demands in the future as they grow. 
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TESTS OF GROUNDED PHASE PROTECTOR ON THE 
44,000-VOLT SYSTEM OF THE SOUTHERN POWER 
COMPANY 


BY C. I. BURKHOLDER AND R. H. MARVIN 


The Southern Power Company experiences every year during 
the lightning season frequent disturbances and interruptions 
due to the lightning starting an arc over the insulator to the 
pin, this arc often breaking the insulators, or sometimes even 
burning off the line. With the object of extinguishing this arc 
before it has time to do any damage, an automatic insulator 
protector has been installed on the 44,000-volt system at the 
Catawba power house. 

The power stations, principal substations and transmission 
lines of the 44,000-volt system are shown on the map, Fig. 1. 
This system 1s three-phase, 60-cycle, non-grounded. There is 
also a 10,000-volt system, and an extensive 100,000-volt system, 
not shown here. 

The four power stations at present in operation are: Catawba, 
Great Falls and Rocky Creek on the Catawba River; and 99 
Islands on the Broad River. Theirrated capacities are: Catawba, 
6600 kw.; Great Falls, 24,000 kw.; Rocky Creek, 24,000 kw.; 
99 Islands, 18,000 kw. 

Two of the lines between Great Falls and Catawba, and the 
two lines from Catawba to Gastonia are run on steel towers. 
All the other lines are on wooden poles. АП insulators are 
three-part and are rated at 60,000 volts. Тһе lines are partly 
copper and partly aluminum. The spacing of the wires is 6 ft. 
(1.5 m.) triangular. 

The insulator protector was installed at Catawba, as this 
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location was convenient, and for some reasons the best. This 
device consists of three single-pole switches connected between 
the lines and ground, and controlled by a relay. If any phase 
becomes grounded, as for example, by an arc over an insulator, 
the relay causes the switch connected to that phase to close. 
The phase being grounded through the switch, the arc is short 
circuited and extinguished. This apparatus was designed by 
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Professor Creighton; its theory and construction arc fully treated 
in his paper, so that no further description 1s necessary here. 
Тһе switches are connected to the bus at the Catawba station. 
The bus is in two sections; one connected to the Charlotte lines, 
the other connected to the Gastonia lines. The twosectionsare 
usually connected together by a bus junction switch. Тһе 
grounding switches arc on the bus connected to the Gastonia 
lines. 
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DESCRIPTION OFgTESTS | 

Object of Tests. The features in the operation of this device, 
which it was desired to determine were as follows: 

1. The time required for the operation of the relay and the 
various operations of the switch. 

2. The total time an arc would exist over an insulator. 

3. The time required to extinguish the arc after the switch 
had closed. 

4. The current to ground through the arc over an insulator. 

5. The current to ground through the grounding switch. 

6. Whether the arc could be extinguished soon enough to 
prevent breaking or injuring the insulator. 
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Fic. 2.—Connections of oscillograph 


Method of Test. А regular line insulator was suspended by its 
head from one leg of the No. 1 line going to Gastonia. Its pin 
was connected to ground through a current transformer. A 
five-mil resistance wire was tied around the insulator from the 
head to the pin. On closing the oil switch which connected 
this line to the bus, the fine wire would start an arc around the 
insulator, which would hold until extinguished by the grounding 
switch. "The insulator was the same tvpe as 1s used on most of 
the lines. Тһе principal dimensions of this insulator аге: 
diameter of headpiece, 12 in. (30 cm.); diameter of intermediate 
shell, 10 in. (25.5 cm.) ; diameter of bottom shell, Тіп. (17.8 ст.); 
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height over all 131 in. (48.5 cm.). Тһе pin of the insulator was 
thoroughly grounded by connecting it to the common ground 


at the station used for all lightning arresters and apparatus. 
The connections of the test insulator, grounding switch and 


oscillograph are shown in Fig. 2. 
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Fic. 3.—Connection diagram, tests 1 and 2 


Oscillograph Connections. Currents and times were recorded 
by an oscillograph connected as follows, Fig. 2: 

Vibrator No. 1 (the top record) was connected across the 
contacts on the relay, which would close when a ground occurred. 
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The closing of the relay contacts would then short circuit the 
vibrator and reduce its deflection to zero. 
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Fic. 4.—Connection diagram, tests 4 and 5 


Vibrator No. 2 (the middle record) was connected to a current 
transformer in the grounding switch circuit. 
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Vibrator No. 3 (the bottom record) was connected to the cur- 
rent transformer in the ground circuit of the test insulator. 

Source of Power. In all tests power was supplied from Great 
Falls by two, 3000-kw. gencrators. 

Test No. 1. Fig. 3 shows the connections and lengths of the 
lines. The total length of the power lines was 144 miles (231.7 
km.). Тһе arc was extinguished at once and without dis- 
turbance to the system. Бір. 5 shows the arc over the insulator. 
А summary of the principal points shown by the oscillogram 
is given in Table No. 1. 

Test No. 2. This was a duplicate of Test No. 1 and showed 
the same results. Fig. 6 shows the arc over the insulator. 
Fig. 9 1s the oscillogram. 

Tests Nos. 3 A, B, C, D. These tests were made to de- 
termine the action of the relay and switches when the ground 
was due to an arc over such a short distance that the line voltage 
could re-establish it after being extinguished. For this the 
No. 00 copper wire which grounded the pin of the test insulator 
was bent up, so that its end came within about an inch of the 
No. 00 copper wire attached to the head. The voltage to ground 
could, of course, spark across this distance and start an arc. 
The connection of the lines was the same as in the two previous 
tests, Fig. 2. This test was tried four times, with the following 
results: Тһе arc started and the grounding switch closed. 
This extinguished the arc, and the switch at once opened. But 
before the switch was fully open, the arc started a second time. 
This brought the second stroke lock-device into operation, and 
the switch closed a second time and stayed closed. This perma- 
nently put out the arc, but, of course, left the system grounded. 

Test No. 4. Fig. 4 shows the connections and lengths of the 
lines. The total length of the lines was 428 miles (669 km.). 
This was the entire system, with the exception of one section, 
l7 miles (27 km.) long. The arc was rather heavy, but was at 
once extinguished, and without disturbance to the system. 
Fig. 7 shows the arc over the insulator. Fig. 10 is the oscillo- 
gram. 

Test No. 5. This was a duplicate of Test No. 4, and gave the 
same results. Fig. 8 shows the arc over the insulator. In 
all these pictures of the arc, the exposure was 0.04 second, and 
therefore the arc is probably shown during several cycles. 

Effect of Arc on Insulator. Тһе same insulator was used in all 
tests. It was absolutely uninjured. There was not even any 
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chipping or cracking of the glaze, and no blemishes further than 
a little smoking. ; 

It will be seen from the oscillograms that the time from the 
starting of the current in the switch to the extinguishing of 


FIG, B Fic. 6 


moe T Fic. 8 


the arc is about two cycles. This is the time for the switch to 
move from the auxiliary contact to the main contact, during 
which time the oscillation damping resistance is in circuit. 
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TABLE NO. 1 
ANALYSIS OF TESTS NUMBERS 1, 2, 4, 5 


Test number. - | 1 | 2 | 4 5 
Time for relay to close | Cycles......... 4.5 4.5 | 4.25 4.5 
1 Seconds. ....... | 0:075 0.075 | 0.071 | 0.075 
Time for switch to  (Cycles......... 24.5 22.5 24.0 21.5 
close | Seconds. ....... _ 0.408 0.374 | 0.401 0.358 
| Time arc is on | Cycles......... | 29.0 27.0 28.25 | 26.0 
| l Ѕесопаѕ........ 0.483 0.449 0.472 0.433 
Average current in Maximum...... 70. 76. 247. 247. 
| агс, атрз. Effective....... 50. 54. 175. 175. 
| | р 
Average current іп В CE 63. 76. 240. ‚ 240. 
| switch, amps. _ Effective....... 45. — 54. 170. | 170. 
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The effective currents given in the table have been calculated 
from the maximum values on the assumption of a sinc-wave 
form. Fig. 11 is a high-speed oscillogram from a later test 
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which shows the wave shape of the current in the arc. This 
wave has a very pronounced third harmonic. An approximate 
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analysis, gave as its equation, taking unity as the maximum 
value of the fundamental. 


І = 1.000 sin (04- 2.5?) — 0.201 sin (3 0--11.5?) - 0.048 sin 5 0 


This wave is so much peaked that the ratio of the effective 
to the maximum value is much lower than for a sine wave. It 
was not possible to make sufficient tests to determine whether 
the wave distortion was the same іп all cases, and therefore, no 
correction of the current values for the wave shape has bcen 
attempted. But it seems probable that the actual effective 
values are slightly lower than those given in the table. 
| Summary of Tests. Ап ex- 
CURRENT IN ARC TO GROUND amination of these tests shows: 
‚—-108 AMPERES 1. The current іп both the 


f. arc and the grounding switch 
| \ depends upon the extent of the 
LT / --- lines on the system. This is 
/ \ to be expected, as these cur- 

\ | rents are flowing into а capac- 


ity, this capacity being propor- 
tional to the length of the lines, 
Fic. 11 2. The arc is extinguished in 
a time not exceeding one-half second from the time of starting. 
3. The insulator being uninjured, shows that even the very 
heavy arcs produced when the entire system is on will not injure 
the insulator when extinguished in one-half second. 
4. When the arc is extinguished in such a short time, there is 
no disturbance on the lines or interruption of service either from 
the arc, or the operation of the grounding switch. 


—— 


Digitized by Google 


A paper presented at the Pittsheld - Schenec- 
tady mid-year convention of the American ln- 
stitute of Electrical Engineers, February 14-16, 
1911. 


Copyright 1911. By A.I. E. E. 


(Subject to final revision for the Transactions.) 


DISSIPATION OF HEAT FROM SELF-COOLED, OIL- 
FILLED TRANSFORMER TANKS 


BY J. J. FRANK AND H. O. STEPHENS 


This paper is confined to a presentation of the relative merits 
of the most commonly used designs of tanks for sclf-cooled 
transformers. However, since any tank, in addition to dissi- 
pating the hcat, must fulfill the following requirements, no con- 
sideration has been given to discussion of impractical construc- 
tions. 

In addition to diffusing the heat, a satisfactory tank should, 
first, be absolutely oil-tight; second, should be of good mce- 
chanical construction; third, should occupy small floor space; 
fourth, should be symmetrical; fifth, should be inexpensive. 

Heat is diffused from the surface of scelf-cooled, oil-filled 
transformers by three ways; by conduction, by convection, and 
by radiation. The oil reccives its heat from the transformer 
itself, transfers it to the inner surface of the tank by convection 
currents, where it is transmitted through the metal to the outer 
surface of the tank. The ease with which both the oil and the 
air circulate along the surfaces of the tank contributes to the 
diffusion of the heat. In addition to the diffusion by the con- 
vection currents of air, heat is diffused by direct radiation, and 
also by conduction from the tank to its support. 

The amount of energy that may be dissipated from a tank 
for a given temperature rise of oil depends upon the extent and 
nature of the surface exposed to the ат. А plain surface per 
unit of area is the most efficient as the air and oil come іп closer 
contact with it. As the volume or capacity of a transformer 
varies as the cube of its dimensions, and the surface as the square 
of its dimensions, the use of a smooth surface for dissipating the 
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heat in a transformer must therefore be confined to transformers 
of small capacities involving low losses. Where large capacities 
and great losses are involved special provision for radiation must 
be made. The greater the loss, the more complicated the pro- 
vision naturally becomes. 

Various methods have been used to increase the radiating 
surface of tanks without too greatly increasing the size and 
cost. <A general classification is outlined as follows: 

1. Smooth surface. 

(a) cast iron or cast steel. 
(6) wrought iron or rolled steel. 


Fic. 1.—Plain cast iron tank Fic. 2.—Plain boiler plate tank 


2. Ribbed surface. 
(a) cast ribs. 
(b) attached ribs. 
3. Corrugated surface. 
(a) simple. 
(6) compound. 
4. External pipes or radiators. 
1. Tanks with smooth surfaces having no special provision 
for radiation are suitable for self-cooled transformers only when 
the dissipation of small losses is involved. Due to the roughness 
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of the surface, cast iron will radiate more heat than rolled plate 
since the roughness increases the surface exposed to the air and 
oil. In general, the metal in a cast tank is thicker and therefore 
conducts more heat above and below the band of hottest oil. 
Fig. 1 shows a plain cast iron tank, and Fig. 2 a plain boiler 
plate tank. 

2. The simplest method for increasing the radiating surface 
is to attach ribs to the tank. Fig. 3 shows a tank of this type. 
Wrought iron strips аге set on edge at intervals of about one in. 
(2.54 cm.) around the circumference of a plain, cylindrical, 


Fic. 3.—Boiler plate tank Fic. 4.— Corrugated cast iron 
with attached ribs tank 


boiler plate tank, and are clamped tightly against it. The strips 
conduct heat from the tank at their bearing surfaces, and air, 
passing up along them, carries away their heat, and also the heat 
from the tank surface between the strips. Опе objection to this 
construction is the difficulty of obtaining a good contact at thc 
bearing surfaces of the strips and tank, so that the effectiveness 
of the strips is always somewhat indefinite. In a cast tank the 
ribs are an integral part of the tank and are hence more effective. 
They are sometimes cast both on the inner and outer surface of 
the tank. In either case, the height and thickness of the ribs 
should be accurately determined, or the weight may be un- 
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necessarily increased, because it is possible to have quite a dif- 
ference of temperature between the outside edge of the ribs and 
the surface of the tank if the ribs are not properly proportioned. 
3. The most generally used method for increasing the peri- 
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phery of a tank is to corrugate or flute the surface. By this 
means, the surface may be increased to several times that of 
a plain tank of the same over-all dimensions. Tanks of this type 
may be either of cast iron or of 
sheet metal. Fig. 4 shows a 
corrugated cast iron tank, and 
Fig. 5 gives the dimensions of 
its corrugation. 


Fic. 8.—-Corrugated stee! 
tank—V corrugations 


Fic. 6.—-Simple corrugated steel 
tank 


Figs. 6 and 7 show a form of corrugated steel tank very com- 
monly used. By referring to Figs. 5 and 7, it will be noted that 
the space within the corrugations occupied by air is greater 


than the space occupied by oil. Figs. 8 and 9 show a corrugated 
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steel tank with simple V corrugations with equal spaces for air 
and ой. Figs. 10 and 11 show a tank with rectangular corruga- 
tions. 

A large number of modifications of these forms of corrugations 
have been used, but, as the capacities of transformers become 


«— 1x INI 


Fic. 11 


larger, and the losses high, it becomes expedient to adopt more 
complicated surfaces in order to keep down the size and cost of 
the tanks. A recent and important development along this 
line is a tank with compound corrugations. It 15 obtained by 
double-corrugating the surfaces so that it will be made up of 


Fic. 10.— Corrugated steel tank— Fic. 12.— Boiler plate tank— 
rectangular corrugations external radiating pipes 


major and minor corrugations. Тһе minor corrugations may be 
similar to the preceding illustrations and the major corrugations 
are made up of a number of the minor corrugations. 

4. Examples of another scheme coming into practice are shown 
in Figs. 12 апа 13. These tanks have auxiliary pipes or radiators 
apart from the transformer tank proper. Fig. 12 is a cylindrical 
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boiler-plate tank with external radiating tubes, and Fig. 13 
is a large corrugated steel tank with external corrugated cooling 
boxes. Hot oil enters the auxiliary pipes at the top, cools and 
sinks to the bottom. The method does not differ materially 
from the ordinary tanks, excepting the definite path provided 
for the circulating oil. Fig. 14 shows the circulation in an ordi- 
nary tank with a barrier between the transformer and the tank 
wall. This confines the circulation to a definite path down 
along the cooling surface of the tank. Local eddy currents in 
the oil are thus avoided and the circulation is much more effec- 
tive. 

The curves in Fig. 15 were plotted from a large number of 
| tests made to determine the 
oil temperature rise at various 
losses for different kinds of 
tanks. They show the rela- 
tion between the temperature 
rise of the oil at the top of 


Fic. 13.—Corrugated steel tank— 
external radiating boxes Fic. 14 


the tank and the watts loss per square inch of tank radiating sur- 
face. The oil temperature rise of a transformer may be deter- 
mined by means of these curves when the losses are known and the 
radiating surface of the tank has been calculated. The radiating 
surface used for these curves consists of the total wetted surface 
of the tank exclusive of the bottom, since the radiation from the 
bottom would be extremely small in any case. The actual 
radiating surface of a tank varies with the temperature of the oil, 
since the oil expands with the heat, and rises higher in the tank, 
thus increasing the effective surface. For uniformity, the oil 
level at 25 deg. cent was used for calculating the radiating 
surface and the curves take care of the differences due to oil 
expansion. 
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The oil temperature curves in Fig. 15 may be expressed by 
an equation of the following form: 


T=K ИР 


in which Т is the temperature rise above 25 deg. cent., W is the 
` average watts per square inch of tank surface, and К and р 
are constants depending upon the form and material of the tank 
and the conditions of the test. 
All of these curves were plotted with the watts per square 
inch corresponding to the actual losses in the transformers at 
the operating temperatures. 
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Fic. 15.— Maximum oil temperature rise for transformer tanks 


The dimensions of these tanks are given in the table. 


% | x ' gv 
Thickness Floor Radiating | Illustra- 


| of metal | space Height surface | tions | 

| | 

ра HRS Cue 14-3. URN ет ST ee ен 

Plain cast iron.... tin. |5ft.2in. by3ft. 4in. 7ft.7in. 12620 Fig. 1 | 
| 

Plain boiler plate.. lin. 2ft.9in.by 1 ft. 9in. 4ft. | 3813 | 


Corrugated castiron| 7/16 in. 3ft.7in. by 2ft. 4 in. 6ft. Sin. 13500 Figs. 4 & 5| 
| 


о ае EAE 1/16іп. |4ft.5in.by2ft.llin. 6ft.5in. 23000  Figs.6 &7 
| | | 


The curve in Fig. 16 gives the results of tests on the tank shown 
in Fig. 12. The radiating surfaces of the pipes and the tank 
proper are given on the curve. 

Comparative tests on a number of tanks with attached ribs 
similar to the one shown in Fig. 3 indicate that the rise of a 

` tank is about 20 per cent lower with the ribs than it is without 
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them. For example, if a plain tank runs at 50 deg. rise, it may 
be made to run at 40 deg. rise, with the same losses by attaching 
ribs to it, similar to Fig. 3. 

A number of tests were made upon four special tanks having 
the same over-all dimensions but with different pitch of corruga- 
tions. The depth of the corrugation was 4 in. (10.16 cm.) 
for each tank. Unlike the corrugations in the previous tests, the 
space occupied by oil and air within the corrugations was equal. 
The lateral dimensions of the tank to the outer portion of the 
corrugations was 39% by 395 in. (опе m. sq.). The height was 
8 ft. (2.43 m.) and the oil level 5 in. (12.7 cm.) below the top, 
making the height of the wetted surface 91 in. (2.2 m.). These 
tanks were very high for their lateral dimensions, and the heating 
units being some distance up 1n the tanks, there was considerable 
dead oil in the bottom, so that there was very little radiation 
from the lower part of the tank. Thermometer tests indicated 
that about 11 in. (27.9 cm.) should be subtracted from the 
height, making the effective height 80 in. (2.02 m.)., 

The table gives the radiation at a temperature rise of 40 deg. 
cent. taken from the test curves. 


Tank number | l' | 2 | 3 4 
Pitch of corrugations, in...... | 13 | 2.1 22 3.50 
Total wetted surface, sq. in.. .. 56.900 | 48,300 39,200 30,300 
Effective radiating surface, sq. | 
т ИЕ 50,000 42,500 $4,500 26,600 
Kw. radiated at 40 deg. cent. | | 
БІБЕс алыс ne ei 5d АРА Дао» 5.8 0.43 | 5.13 4.85 
| | 
Apparent watts per s]. in..... | 0.102 0.112 | 0.131 0.160 


Watts per sq. in. шама 0.116 0. 125 | 0.149 0.182 


The tests indicate that the gain in radiation to be obtained 
by reducing the pitch of the corrugations so as to increase to total 
surface is entirely disproportionate to the increase іп surface. 
While tank No. 1 has a radiating surface 88 per cent greater 
than tank No. 4 it radiates only 19.6 per cent more losses at 
40 deg. rise in the oil. The following conditions combine to 
cause this: 

For two tanks of the same dimensions, the increase in surface 
obtained by closer corrugations has no effect upon direct radia- 
tion, so this component of radiation remains unchanged. 

Air flowing in at the bottom of the corrugations receives heat 
from the tank and passes up through the corrugations with an 
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increasing velocity as its temperature rises. Моге air must 
flow in at the side along the corrugations to make up for this 
increased velocity. If the corrugations are pressed closer to- 
gether so that the ratio of air space to radiating surface is 
smaller, the air would have to flow at a greater velocity to carry 
off the same watts per square inch. Air friction varies as the 
cube of its velocity and hence it will not flow at a sufficient 
velocity to carry off the same watts per square inch from the 
closer corrugations. 

In addition to the causes outside of the tank, the oil will not 
circulate as freely over a closely corrugated surface because 
of the increased friction, but the effect within the tank is much 
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Fic. 16.—Round boiler plate tank—externa! radiating tubes—oil tem- 
perature rise at top of tank—-No. 6 transil oil 


smaller than it is without, principally because the temperature 
drop from the oil to the tank is much smaller than from the tank 
to air. 

The tanks used for these tests were very high for their lateral 
dimensions, and experience indicates that narrow and deep 
corrugations may be used to a greater advantage on lower tanks, 
principally because the air currents will not have to acquire 
such high velocities. 

A principle that is suggested by the foregoing discussion 
is that the most effective corrugation will not have equal oil 
and air spaces but the air space will be much greater than the 
oil space. This idea has been used in the design of transformer 
tanks for a number of vears. It has the further advantage of 
reducing the oil required. ` | 

It was stated in the beginning that the nature of the radiating 
surface has an effect upon its radiating properties. This was 
shown in the tests on the cast iron and the boiler plate tanks. 
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In addition to the material itself, the color and character of the 
paint has some effect upon the radiation of tanks, especially when 
they are exposed to the direct rays of the sun. A number of 
tests were made to determine whether or not this effect was ap- 
preciable. The tests were made on transformers sizes 5 to 
50 kilovolt-amperes, with tanks painted with black, white 
enamel, and aluminum paint, respectively. The transformers 
were so placed that tanks were exposed to the direct rays of the 
sun all day long and tests were made only in clear weather. 

The results of these tests indicate that tanks painted with white 
enamel or aluminum paint run several degrees cooler in the day- 
time and slightly warmer at night than tanks painted with 
black paint. Inasmuch as such transformers are usually loaded 
at night, it would appear that there is no appreciable practical 
benefit to be derived from the use of white enamel or aluminum 
paint and, moreover, it 15 doubtful whether the effect would be 
permanent, due to blackening of the paint after exposure to the 
weather. 

The matter is, however, of interest as an indication of the 
effect of changes in conditions of operation upon the dissipation 
of heat from transformer tanks. 

One item of primary importance in designing transformer 
tanks is the cost. The only satisfactory basis of comparison is 
the cost per kilowatt loss radiated at a given temperature rise of 
the oil. Comparison should be made only between tanks that 
will dissipate approximately the same losses, because the cost 
per kilowatt loss varies with the size of the tank as well as with 
its material and construction. The following table gives average 
comparative costs of tanks designed to radiate from one to three 
kilowatts loss at 40 deg. cent. rise in the oil, plain cast iron 
tanks being used as the standard of comparison: 


Plath cast IPOD о ККК ОЛКОГО Л КЛ КГ Г ГЕ 100 
Plain: Doler plate: sees tnx oie Бе ооа OU 
Corrugated: ‘Cast: ТОЙ» obra ада e 93 
Corrugated: steel. «5 (cad Hawkee амы Che pow oa eee eee ӨЛ 


The above figures do not include the cost of ой and if this were 
added the difference in cost between the plain and corrugated 
tanks would be greater. 

For larger losses a similar comparison would show an increased 
advantage in favor of the corrugated steel tank, and other more 
complicated surfaces, and if the losses are still further increased 
the plain tank becomes quite out of the question. 
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COMMENTS ON FIXED COSTS IN INDUSTRIAL POWER 
PLANTS 


BY JOHN C. PARKER 


Certain features of the cost of power generation in small 
plants scem to be the subject of such varying ideas that it has 
been thought worth while to indicate a few of these features with 
the hope that a discussion of them may bring about a greater 
consistency of view among the members of the profession. 
The features presented in this paper will for the most part be 
confined to ''fixed costs," comprehending thereunder those 
costs which are not closely a function of the energy output. 
While the latter elements of cost are more or less obvious during 
plant operation, the fixed costs are capable of but little modifica- 
tion or correction after a plant has been installed, and being a 
matter of economic rather than of technical judgment, and hence 
not always attracting the attention of engineers who may not 
have specialized in economic essentials, it is at once desirable 
that attention be called to them, and that they be given con- 
siderable weight during plant layout. Тһе writer would call 
particular attention to the marginal principal discussed in the 
latter part of this paper as being one of critical importance, 
and one of those least commonly weighed by the profession. 

Investment. Ав most of the fixed costs have to do with the 
investment made in the plant, it is worth while to call attention to 
a few of the component items of the investment. It is, of course, 
obvious that the purchase price of the machinery must be in- 
cluded. Тһе writer has been surprised, however, to note in 
dealing with something over 300 industrial engineering proposi- 
tions, that in many cases the preliminary estimate of the plant 
investment will stop at this point without giving consideration 


NOoTE.—This paper is to be presented at the New York meeting of 
the A. I. E. E., March 10, 1911. Notice of oral discussion or апу 
written discussion should be mailed to reach the Secretary before date 
of meeting. Written contributions received within 30 days thereafter 
will be treated as if presented at the meeting. 
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to the cost of real estate, housing, to freightage and teaming, 
sometimes without attention to the labor involved in installa- 
tion. Supervision is very often entirely overlooked, and yet 
engineering design and supervision are just as much a part of the 
cost of a plant as is the engineering design that is paid for when 
the purchaser lays down the purchase price for an engine or for a 
generator. It might seem superfluous to mention this almost 
obvious fact, did not the writer recall that 1n a recent consulta- 
tion with a public service commission objection was made to 
carrying depreciation on the labor and superintendence involved 
in setting transmission poles, placing station machinery, ef 
cetera. 

Since the installation of a plant costing $10,000 or $20,000 
will constitute a physical improvement to the property, it 1s 
obvious that the fax assessment will be increased thereby, and 
that this fact should be reckoned on in pre-estimating power 
cost. It is unnecessary, of course, to more than mention this 
fact 1n the way of a memorandum. 

Insurance. The cost of carrying tnsurance is sometimes over- 
looked in pre-estimating power cost. It is obvious that this 15 
just as much a part of the cost as coal and superintendence. 
It may not, however, be quite so obvious at first blush that 
something more than the insurance on the plant investment 
may have to be assessed against the plant, but on slight reflec- 
tion this will be seen to be a possible, and in some cases, a very 
certain condition. If, for instance, the installation of a plant 
increases the fire hazard on the property as a whole, the net 
increase of insurance on the property should be assessed against 
the plant which has occasioned this net increase. In addition 
to the ordinary fire insurance there must be carried, іп some form 
or other, accident and liability insurance, and this will vary with 
the nature of the industry for which the plant is installed. Ina 
manufacturing plant the possibility of accident to plant em- 
ployees only would have to be considered, whereas іп a depart- 
ment store the patrons of the store would have to be covered as 
well. This expense and the fire insurance are existent whether 
such insurance 1$ actuallv carried, or not, since а sum of the 
same order of magnitude as the insurance premiums must be 
laid aside to provide for such contingencies for which the in- 
surance 15 carried. | 

Interest. The writer has found very few cases іп which 
interest has not been considered in some form or other, butin 


1911] PARKER: INDUSTRIAL PLANTS 469 


general he has found that not only the engineers, but the business 
men contemplating the plant installation—a class from which 
one might expect keep appreciation of such details~-habitually 
underestimate the cost of borrowing money. Many details 
other than the merely nominal intcrest rate enter here, a fact 
readily recognized by any concern that has occasion to float 
bonds or preferred stock; and these details should, of course, be 
given their due weight in each case in determining what interest 
burden a plant will have to bear. 

It is worth noting that very few business concerns have an 
unlimited borrowing capacity, in fact, any prosperous and ex- 
tending business may be expected to closely approximate its 
credit limit, so that a further extension of obligations will 
definitely depreciate the total credit of the concern for borrowing 
purposes, thereby either hampering the borrowing of money or 
increasing the interest rate that must be paid. In such a case 
the part of the business so prejudicing the borrowing capacity 
should be compelled to carry the burden thereof itself, rather 
than to distribute the burden over the business as a whole, since 
this part of the business 15 responsible for and occasions the 
additional expense. For a fuller discussion of the principle 
underlying this, reference may be made to the already men- 
tioned marginal principle appended to this paper. 

Depreciation is the subject of as widely variant views as exist 
in any of the details of plant cost. The writer has found that 
in many cases the hfe of a plant will be estimated from the 
length of time that some plants have been in service. This 
seems to be an utterly untenable basis for calculation, since 
many an engine may be found to be operating at the end of 
30 years from its initial installation without the fact of necessity 
proving that the depreciation rate should properly have been 
assumed as 33 per cent; it might be that the plant should have 
been scrapped 15 years previously. The desirable and proper 
life to assume for a plant is the length of time for which it can in 
all probability be economically run; in other words, depreciation 
should be predicated on the date at which the plant should be 
put out of commission, rather than the date at which plants 
have been put out of commission as a result of absolute failure 
to functionate. The time at which scrapping of any apparatus 
in any given plant should occur is that at which the reduced 
efficiency and the increased maintenance, renewal, and repair 
costs of that detail are great enough to justify the purchase of 
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new apparatus under the particular operating and business con- 
ditions obtaining. 

It seems highly objectionable to take an average rate of 
depreciation and apply it to the power plant as a whole. The 
depreciation rate is considerably greater on boilers than it is on 
engines; considerably greater on engines than it is on buildings, 
and soon. If, then, a plant has a preponderance of those items 
which will deteriorate rapidly, the depreciation rate will be high, 
and vice versa. Each class of apparatus and construction in the 
plant should be multiplied by its own depreciation rate, and the 
aggregate of the products taken as the depreciation expense per 
year. This is not a particularly arduous task, since the ap- 
paratus will naturally group itself into a very small number of 
general classes. 

Ап over estimation of depreciation rates should be guarded 
against, of course, and for this purposc a sum should be set aside 
each year, which, with the compound interest that 1t can earn, 
will at the end of the life of the various classes of apparatus in the 
plant pay for their replacement. Оп short life apparatus this 15 
not an 1tem of so much importance as it 1s on the classes of longer 
life. The propriety of so figuring amortization, irrespective of 
whether a proper sinking fund is allowed or not, is determined 
from the fact that if such sinking fund deposits are not made, 
the money that would have gone into them appears as a part of 
the earnings of the firm, and is paid out immediately to the 
stockholders, who thereby have the use of the money which, 
however employed, should earn the same compound interest as 
would be earned by the monev if placed in a sinking fund. 

In this discussion of depreciation no attempt is made to in- 
dicate where maintenance, renewals, and repairs should cease, 
and depreciation begin. It is for each engineer to determine for 
himself how far he can afford to go in making these operating 
expenses avert the day when a plant will have to be scrapped. 
Once having determined the most economical relation between 
these operating expenses and the proper life to assume for the 
plant, both they and the amortization fund should be included 
in the pre-estimate of the power cost. 

Obsolescence. If by this term we mean the supersession of the 
apparatus initially installed by a more efficient type which may 
develop before the initial apparatus has reached the scrapping 
point, it is not an important charge, even though the super- 
session may take place under stress of competition, since such 
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supersession will not be undertaken unless the new apparatus 
can save enough to justify the expense, in which case these 
savings must themselves take care of so much of the new in- 
vestment as is not already covered by the sinking fund which 
should have been provided by the old plant. Obsolescence, 
therefore, has essentially no existence for private power plants 
even under stress of compctition. 

The case is somewhat different where the business of a concern 
is power sale. In this case the “ quality of power," as well as 
the cost of its production, 1s a vital element in competition, so 
that the. development of a new type of apparatus which will 
improve the quality of the power supply may render existing 
machinery obsolete, and under stress of competition from pri- 
vately owned plants, or from a compcting utility company, тау 
force supersession, as, for instance, the development of 60-cvcle 
apparatus forced many of the higher-frequency generators out 
of commission before the termination of their natural life. 

In one respect it may be desirable to carry ап obsolesence 
fund even in an industrial plant. Тһе existence of such a fund 
renders more rcadily possible the supersession of the obsolete 
apparatus when economically justificd—it has in fact the effect 
of rendering fluid the plant investment at the expense of the 
earlier years of operation before obsolescence may arise, and 
when the stress of competition may be less burdensome. The 
managers of the industry must themselves consider how much 
weight they will give to this consideration by attempting to 
prognosticate their future borrowing capacity for supersession 
purposes. 

In case of the supplanting of a private plant by a public 
service supply, or of one private plant by another, the new 
plant will have to carry its own depreciation burden, and in 
addition, the portion of the older investment which has not 
already been provided for. The convenient way of considering 
this is to calculate what the sinking fund on the old plant should 
have amounted to on the date of supersession, and to credit the 
new equipment with this, and to then compel the new equip- 
ment to carry the burden of the old throughout the life of the new 
equipment, together with its own proper depreciation burden. 

Supervision falls under the “ marginal” principle referred 
to above. Briefly stated, this principle is that, if any part of a 
business requires time, material, or investment which could have 
been utilized in any other part of the business, the cost thereof 
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should be taken as what such time, material, or investment 
would have carned if applied to the most profitable part of the 
business which is still capable of extension. If, for instance, a 
power plant requires during installation, regular operation, in 
accounting, and during period of disability, 20 per cent of the 
time of the manager of the industry; and if the time of the 
manager expended in works supervision, supervision of sales, 
or any other detail proper to the industry, would increase the 
profits of the concern at the rate of $10,000 per annum, it is 
proper to charge the power plant with $2,000 a year for super- 
vision. | 

In general the magnitude of power gencration by а factory 
plant is not great enough to make it possible to employ or to 
attract а $2,000 a уеаг man to supervise the plant operation, 
and vet many such plants actually deflect from the earnings of 
the industry by the distraction of the manager’s attention a sum 
considerably in excess of such an amount. Failure to properly 
weigh this principle at the inception of the power plant in- 
stallation may materially hamper the operation of the firm. 
It may be said that this principle presupposes capacity for ex- 
tension in the various activities of the concern, which capacity 
may not be realized in fact, but it is pretty generally the case 
that a man who is fit to be at the head of any manufacturing 
or mercantile enterprise is about the busiest man in the concern, 
and that he has not апу excess of leisure for devotion to the 
legitimate business of the concern. It is almost impossible to 
conceive any business incapable of extension by proper commer- 
cial attention to the discovery of new avenues for the output 
by proper advertising skill, or incapable of improvement in 
production processes by skilled attention directed to the pro- 
cesses of the enterprisc. 

Fair Profit. No man running a department store would 
think of putting extra capital into the china department where, 
in the nature of things, the turnover is small and the profits 
limited, if the clothing department, with a turnover of the 
stock thirtv times рег year, was not carrying a maximum 
business obtainable. Such a merchant would study his business 
and place each thousand dollars where it would earn the greatest 
profit, and would figure that the deflection of S1,000 from a de- 
partment that could carn $300 per year, to a department that 
could earn only S100 per year, had actually cost him in the loss of 
profits $200 per annum. This is a tacit recognition of the mar- 
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ginal principle. If, then, an enterprise is making a net profit 
of 10 per cent per annum on the average--and not less and 
probably more than this on certain details of the business— 
there is manifestly at least a 10 per cent per annum loss in the 
investment of money in a power plant—or in any other part of 
the business—if the money earns only the fixed items of taxes, 
insurance, interest, depreciation, and supervision, and the 
amount lost is just what could have been gained by the invest- 
ment of such a sum in the most profitable part of the business. 
How much this shall be must be determined for each individual 
plant, but for the sake of fixing an idea of magnitude the writer 
would say that he recently encountered two instances in which 
the proprietor of an establishment figured, as a proper charge 
against his contemplated power plant, at lcast 10 per cent of the 
initial investment to cover “ fair profit." 

It 1s, of course, obvious that if the business is not capable of 
further extension, and if the investor knows of no,sucb other 
business, or if the credit of the business is so good as to render 
it possible to borrow without difficulty enough funds to take care 
of all possible extensions, and to still have enough to install 
a power plant, the plant would not have to carry a more than 
nominal fair profit burden. Such a condition, however, is not 
at all a usual one, and will, therefore, have to be reckoned with 
in but few cases. 

Building space and real estate come under the same marginal 
principle. It is not uncommon to hear the statement made 
that there is a certain amount of space that 1s wasted anyhow, 
and that might as well be used for power plant. Тһе statement 
is correct where injudicious over-purchase has been made, or 
where excessive purchase has been compelled in order to secure 
what land was desired. But, with this one exception aside, it is 
not at all proper to underestimate the rental value of the space. 
In the case of a mercantile establishment, for instance, the base- 
ment space is often used for boiler and engine plant room. This 
is permissible if there is no other use to which this space can be 
put, but it must be remembered that if this space is rendered 
useless for storage purposes, storage must be effected іп the least 
desirable part of the establishment then remaining, thereby 
cramping such space and perhaps forcing an overflow into still 
more desirable space. Тһе fair rental value must therefore be 
assessed as part of the annual cost of maintaining the power 
plant. 
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APPENDIX A 


The marginal principle is much broader in its application than 
the subject matter of this paper, bearing as it does not only on 
matters of economics, but on many more strictly technical 
matters. The writer has found many cases where average or 
mean figures have been used in discussing various phenomena, 
and where conclusions arising from such use of averages were 
practically meaningless, yet not positively invalid. 

For example, it may have bcen determined that refinements 
may be introduced into the construction of a hydroelectric plant 
whereby its capacity may be extended, and the degree of such 
extension may have been fixed on the assumption that it is 
worth while to spend, say, $150 per horse power for the de- 
velopment. A not uncommon practice is to design a plant with 
such refinements up to the point where the average cost per 
horsepower is $150. As a matter of fact, this would result іп 
ап over-deyelopment of the refinements, as will be scen in the 
sequel. 

On a little consideration of our example it will be clear that the 
first horse power developed would reach a verv high figure, 
indeed; that thercafter, capacity might be developed at pro- 
gressively lower cost per horse power, especially if the develop- 
ment were concentrated in few units, but that a point will be 
reached where, owing to the difficulty of securing additional 
capacity through storage, enlarged pipe lines, more expensive 
turbines, et cetera, the cost per horse power will again increase. 
It is clear that if the average cost per horse power is only $150, 
and the cost of the first few horse power developed considerably 
greater than this, the cost of a certain part of the capacity must 
have been below the average figure of $150. It is further clear 
that the increasing cost of capacity at the point at which de- 
velopment is stopped of necessity entails а cost per unit greater 
than the average figure, so that the cost of such a unit at the 
point of termination of development will be above the average, 
` апа that such a unit is therefore a disadvantageous one to add. 
With this illustration we pass to a general discussion of the 
marginal principle. 

The margin may һе defined as the point at which develop- 
ment of an enterprise or of a physical construction 1s stopped. 
As a matter of economic expedience, the last unit of develop- 
ment added, that is, the unit existing at the margin, is called the 
marginal unit; and for a proper appreciation of the proper point 
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at which development should cease, we must look to the mar- 
ginal unit and determine whether the cost of, or the advantage 
from this unit justifies its undertaking. It is unfair to the 
marginal unit, and economically fallacious to load onto it the 
burden of the disadvantageous initial unit on the one hand, 
or to credit it with the virtues of the intermediate units on the 
other. 

Referring to Fig. 1, where, for example, we have plotted the 
investment in an enterprise as abscisse, and the profit from 
such an investment as the ordinates, we observe that by pro- 
jecting the curve back to zero investment, we have a condition 
where negative profits would ensue, that is, initially the business 
is a losing concern, since, with no business whatever transacted, 
the cost of operation constitutes a total loss. Аз the business 


PROFIT 


INVESTMENT 


Fic. 1 


develops, income begins to accrue and the loss is minimized. 
At the point a the volume of business and the investment therein 
have reached such a point that the business is no longer a losing 
venture, as the term is ordinarily accepted, but it is making no 
return over the interest, depreciation, and other such obliga- 
tions. Beyond this point profits steadily increase to a point b, 
where, owing to any one of many possible conditions, such as 
over-saturation of the market, and the consequent reduction in 
selling price, or to the organization having become top-heavy, 
the total profits no longer increase. Beyond this point a decline 
in profits obtains. Тһе point c of tangency of a straight line 
drawn through the origin is the point of maximum ratio between 
profit and investment, but this point is not of necessity the point 
at which extension of business should cease, any more than is 5 
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the point of maximum aggregate profit. Drawing line O e, the 
tangent of whose angle of slope represents the fair business 
profit with which the promoter of the enterprise would be satis- 
fied, we note that it has two intersections with the curve, one d, 
the other, e. It 15 manifest that the curve might lie so low as to 
be tangent to this line, or actually drop below it. In the latter 
case the business would not be attractive as ап undertaking 
since the promoter can find more satisfactory investment for his 
capital. If, however, the curve intersects the fair profit line in 
two points, such as a and e, these points mark limits within which 
the business can be carried on without being undesirable as a 
whole. Тһе slope of any line drawn from the origin to апу 
point G between d and e represents the average profit per dollar 
invested when the business has been carried to the point G. 
It 15 manifest that if the point С 1$ moved up to e the business 
will still be paying the fair ratio of profit to investment, and it 
might at first blush seem that e is the proper point up to which 
the investment and the business should be extended. This is 
not correct, however, since, while the average profit of the invest- 
ment is still attractive, it 15 evident that the point has been 
reached where the profit on additional investment is very low, 
ог, as in the special case in the figure, less than zero; that 15 to 
say, each dollar put into the business beyond the point 5 15 
making its return at the expense of the previous dollars put in, 
and may actually in itself be a losing venture. "The propcer point 
at which to have stopped development would have been f, 
the point of tangency of a line drawn parallel to О d, since up to f 
each dollar put into the business has been earning more than the 
fair business profit. At f only the fair business profit is earned; 
beyond this point less than the fair business profit 1s earned on 
each dollar invested. 

From the above we see that the highest ratio of total profit 
to total investment obtained at the point c, but that the exten- 
sion of the business should not have been stopped here; and 
again that it would not be advantageous to extend the business 
to the point e, where the ratio of total profits to total invest- 
ment—in other words, the average rcturn— is yet above the 
fair profit with which the promoter will be content; but that the 
point at which to stop development is that where the mar- 
ginal investment produces a marginal profit of not less than the 
fair profit which will satisfy the promoter. Mathematically 
expressed, this means that the first derivative of the profit with 
respect to the investment must equal the fair profit ratio. 
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Specific applications of this principle have been referred 
to in the body of the paper in considering the liability and fire 
insurance cost due to the adding of a local power plant to an 
enterprise, in which case the local power plant constitutes the 
marginal investment, and where we are concerned with a cost 
function rather than with a profit function. A similar marginal 
investigation must be made in the case of the interest cost in- 
volved in the addition of a power plant to the concern, rather than 
a consideration of the average rate of interest, which will have 
to be borne by the enterprise after the power plant is installed. 
As previously pointed out, the applications of the marginal prin- 
ciple are various and have to do as well with the technique as 
with the economics of engineering effort. 


APPENDIX B 

For the purpose of fixing ideas as a basis for discussion, the 
following equations are submitted as representative of a group 
of methods of taking care of amortization. It is to be understood 
that there are various methods of providing for this fund, and 
that much is to be said in favor of each one as contrasted with 
the others. The method here presented distributes the amortiza- 
tion uniformly over all the years of life of the plant, but is not of 
necessity an expression of the actual physical rate of deteriora- 
tion. It 15 assumed that the deposits into the amortization fund 
are made semi-annually, and that they draw interest at a fair 
market rate, compounding semi-annually. It is assumed that 
the amortization funds are invested where the risk, both physical 
and financial, will be the same as in the investment covered. 


a Г UE 
Let 2 = semi-annual amortization rate. 


1 Ф . e . 
у = semi-annual interest rate оп amortization fund. 


n=number of years of life. 
P = principal sum invested. 


At end of first half year there will be deposited in amortization 
fu к 
пар 2 


which at the end of the rth year will have compounded to 


a py 
Р,=Р $ (1 +5) 


478 PARKER: INDUSTRIAL PLANTS [March 10 


and the second semi-annual deposit to 


There will have been 2r such deposits of total amount 


2 : | ; 2r-l ; 2r-2 ; 
> Pep (1+4) t (ie) ее кт) +1} 
| \ 2 
1+ 2) = 
РА 27 2 
2702 E (1) 
2 
When r=n; that 15, at the end of life we should have 
` 4 2п 
ff 
п а ( 2 
Р | Ра= 2 a ; 
2 
1 
а= --..,--- 
1 \2" (2) 
(1+ 2) — 1 
Substituting this in (1) we have 
| \2r 
D PP, Gye (3) 
| (3) -і 


the amount of the amortization fund. 
The unamortized part of the principal sum then is 


1 2n 1 2, 
2r (нез) - (1+2) 
P= > л Xt ELA ee (4) 
(1+ 5) -1 
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Equation (1) above gives the accumulated amount of the amor- 
tization fund at any time during the life of the plant. Equation 
(2) gives the method of arriving at the annual amortization rate. 
This must be determined to substitute in equation (1) for its 
solution. Equation (4) gives the net burden that would have to 
be carried by anv new installation in case of the supersession 
of an older one. 

These equations in the case of any numerical calculation be- 
come much simpler than they appear in the literal notation; for 
example, in the case of a plant of 20 years’ life, the amortization 
fund for which draws interest at the rate of 6 per cent per annum, 
equation (2) would become 


0.06 
‘= 1.03* — 1 (6) 


апа equation (1) at the end of 7.5 years takes the form 


а 1.09%-1 
DPI 0.03 б) 
and equation (4) gives the unamortized debt as 


1.03 — 1.03" 
НЕСІБЕ a 


APPENDIX C 


As an illustration of the operation of a few of the principles laid 
down above, the author appends figures presented to and en- 
dorsed by the owner and manager of a large mercantile estab- 
lishment. The plant contemplated was to aggregate 150 kw. 
of generating capacity, divided between a 100-kw. and a 50-kw. 
direct current generator. The figures used are in large part 
based on the manufacturer's quotations and guarantees, and for 
the remainder, on experience derived from investigation of 
something over 300 small industrial plants, and are felt to fairly 
represent average conditions in plants of this character. 

Table 1 shows the distributed costs, and the method of ar- 
riving at the amortization rate. Building and real estate are 
not included, since the plant was to be installed as a basement 
plant, the fair rental value of which is assigned in a later tabula- 
tion. 
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TABLE I 
| Amortization | | 
Item | Cost Life | Rate | Amount 
| 
c" КЕННЕН маз | LP | и 
Boilers, stokers and breeching.......... 6,200 20 2.67 ‘165.54 
Жас; заранее ГЕТЕ ЫЫ дыра 1,000 30 | 1.23 12.30 
Generators and switchboard............ 4,700 | 25 |118 83.66 
Boiler алхШагіев....................... 620 12 | 5.82 36.08 
Piping озса как RING ERE qe н 2,150 20 2.67 57.40 
Ёомчпаайопв........................... 300 20 2.67 8.01 
Coal По18б елес веры КЕК ЕЕЕ 600 | 10 7.45 44.70 
Aggregat coos LES RA DR UA EN RS | $19,765 | $519.70 
Моеат оу қазса дра алы Алл эрк ақа дық | | 2.6 
Freight and тірдіпр.................... | 500 | 2.63 13.15 
о T | $20,265 | $532.85 


The marginal interest was assumed at 6 per cent. This is 
undoubtedly low for the specific case in point, since the enter- 
prise was already limited in its borrowing capacity. Тһе plant 
owner approved the fair profit ratio as being the minimum with 
which he would be content. 


TABLE II 
Marginal їпїегевї.......................................... 6.00 per cent 
Amortization edece e bag e OU оо pd dies 2.63 
Taxes And 1п<цгапсе....................................... 3.00 
Fait ФТОПС-Тапасо: 42252556 есімЕзкЕз а OE Dos NACE o Жай RR 11.50 
АВЕ Те аа ЖҰҒА ба eS ее 23.13 рег cent 


Careful calculation of the heating requirements of the building 
were made, basing them on the usual commercial operation of 
the heating systems in buildings of this nature. 

As another illustration, the following figures derived from ac- 
tual operation of a 120-h.p., four-cycle, two-cylinder, horizontal, 
single-acting, 200-rev. per min. gas engine and suction producer 
plant are presented. The fucl and water consumption may ap- 
pear high; it is noted, however, that these figures are derived 
from the actual total consumption during six months commercial 
operation, and that the kilowatt-hours are the actual record by 
the switchboard meters of the net kilowatt-hours usefully de- 
livered to the plant. Were the figures given in terms of indi- 
cated horse power-hours, they would have been materially lower, 
as a result of the elimination of energy required to operate 
auxiliaries. It 1s to be noted that in the balance sheet coal, 
water, and labor for heating the plant, and labor, supplies, and 
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TABLE III 


BALANCE SHEET 


В. В. & L. Co. Electric Service-Heating 


from ...... Company Boilers 
Coal* 
For heating. Based on 10 lb. evapora- 
tion. Day coal............... 280 tons 
Night coal.............. 231 * 
Banking coal............ 20 * 
Total. s asi en o x ui 
Cost @ $2.60................. $1380 
Ashes 


Ash, 12 per cent. Total ashes 
64 tons removal cost @ 25c. per 


ton... ves os РЕТКЕ ME 16 
Labor 

1 fireman 52 weeks 9 $15..9780 

1 . 20 = $15.. 300 3086 


ер V NE 160 
Water 
Assume 10 cent loss in system 
cost @ $0.012 рег 1000 1Ь....... 12 
Electric Service 
Present maximum demand....107 kw. 
Estimated future maximum 
demand... oci uà EX CRAT 140 kw. 
The maximum and kw-hr. used 
each month for the past year have 
been in by the ratio of 
140 to 107 
Estimated cost 
Wit 
Month Kw-hr. 107-140 discount 
jure 15980 $493 
uly 14850 365 
ug 15270 399 
Sept 12540 401 
Oct 20820 535 
Моу 27450 610 
Пес 32800 655 
о 27420 605 
eb 25230 581 
Mar 20720 541 
M 20700 
ay 19530 534 
253310 $6259 
Total... Е ep 6259 
Elevator Service 
Present installation, estimated ШЕ 


Estimated value of heating 
plant $3,200 

Fixed charges @ 25 per cent... 800 
Manager's Time 


And clerical expense.......... 25 
Credit to Balance............. 2816 
Тоғы $12,963 


*Best possible practice, purposely as- 
sumed conservatively. 


Isolated plant 


Fuel 
253,000 kw-hr. @ 6.5 1b. coal 
823 tons 
Banking соа|................ s 
Total. sois suere ise xs " 
Cost @ $2.60 per (оп.......... $2290 


Ashes 
Ash, 12 per cent. Total ashes 
100 tons. Removal cost @ 25c. 


ur ^ i @ $21 k 
ay engineer per wee 
1 night “ $17.50 “ 
1 fireman $15 x 
Тоқа); 2540 %53.50 = 
All labor on for 52 weeks 
Total cost per уеаг............. $2780 


Supplies and Repairs 
st per Phar per boiler-h.p. 
ане $1.22. Cost of 300 Һ.р... 366 


ater 

10 per cent loss during winter, 
and exhaust wasted during summer 
Cost per уеаг.................. 60 
Emergency Service 

At 250,000 kw-hr. per year, av. 
per day is 800, av. per hour 33. 

Assume 4 days shut-down per 
month, at $ load or 11 kw. for 
100 hr., а total.of 1100 kw-hr. 
Assume max. demand at twice the 
average. 


1100 
Hours use =1.9 
26 
Rate 7.1 cents. 
Cost рег топїћ................. $78 
T. UC РОГЕР 936 


Elevator Service 
Present installation, estimated 


ВОВЕ а Dese XA ARS 415 


Fixed Charges 
Estimated cost of plant $19,200 
Fixed charges ( 23.13 per cent. 4,441 
Manager's Time 
hour daily of 6-hour day (à 


$12,000 рег уеаг................ 1,000 
Clerical expense, 1 hour daily, 
300 days per year (à 50с........ 150 
Rental Value of Space 
500 sq. ft. @ $1.00 sq. ft...... 500 
$12,963 
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fixed charges on the motor-drive are carried at zero, since it so 
happens that all these charges were carried as separate charges 
іп the actual case of the gas engine plant, and they have, there- 
fore, been eliminated from both sides of the balance sheet. 
Table IV represents the fixed charges, and Table V the balance 


sheet for this special plant. 


TABLE IV 


Investment in engine, generator, producer, switchboard, auxiliaries, and building, $11,000. 

Average life (above), 12 years 
Amortization га{е.......................... 5.81 рег cent (6 рег cent compounded 
semi-annually) 


Marginal іп"егезі.......................... 6 00 
Taxes and іпвчягапсе................... 4... 3.00 
Fair profit гайо........................... 10.19 


25.00 per cent 


TABLE V 
BALANCE SHEET 


R. К. and L. Co. Electric Service 


Isolated plant 


Coal Coal 
119,200 kw-hr. @ 4.6 lb. coal per 
kw-hr. =275 tons @ $3.10....... $852.00 
Water Water 
119,200 kw-hr. @ 27.2 gal. per 
kw-hr. =434,000 cu. ft. @ $0.98 
рег I000... 94 н ааа 25.00 
Labor Labor 
One engineer, 52 weeks, (à $22.1,144.00 
Helper, hours per dob 
days -300 hours @ $0.30....... 90.00 
Supplies Supplies 
Oil, waste and supplies........ 265.00 


Electric Service 


Emergency Service 


|» Net 
Month Kw-hr. Net Month Kw-hr. ' bill | 
| Bill | | 
ылы сыды E чыш a ИЕ. КОМИНИ | 
Jan. 2141 $150.73 | 
Jan. 11,860 Feb. 1263 95.99 : 
Feb. 11.400 Mar. 211 ' 20.00 
Mar. 9,320 Apr. 55 : 20.00 
Apr. 9,320 May 194 20.00 | 
May 7,920 Tus 255 20 64 
June 7,920 uly 260 | 20.80 
July 9,320 Aug. 206 20.00 
Aug. 9,320 Sept. 286 22 88 
Sept 9,320 Oct. | 149 | 20.00 
Oct. 9,320 Nov. 732 | 5% 56 
Хоу.% 11,560 Рес. 416 33.28 | 
Dec 11,560 ---- 
—— Total | 6101 $502.88 502.88 
Total 119,200 $3350 ! ENS ibd Е 
Fixed charges Fixed Charges 
Investment in plant, $11,000 
Fixed charges (а 25 per cent... 2,750. 00 
Manager's Time Manager's Time 
One hour daily, 10-hour day @ 
Credit to Balance....... .. 3678 .88 $10,000 per усаг.............. $1000.00 
Total я 20 aA ES CX CIE 7028.88 ТОВ з оаза $7028.88 


Table VI, below, shows the fixed costs of approximately 22 
per cent on a 50-h.p. gas engine and producer plant installed іп 
a lean-to 10 ft. by 20 ft. by 10 ft. (8 by 6 by 3 m.) in size ina 
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manufacturing plant. Full data cannot be presented on this, 


since, owing to incomplete records, repairs and operating costs 
have not been available. 


TABLE VI 
Engine and ргодйчсет................... $3,800 15 years @ 4.21 per cent = $160.00 
Building.. woskur қыта RR Ka TW 900 40 5 0.62 5.68 
Кейш ен 
Іпуезітепі........................ %4,800 

Їїп{етевї....................... 6.00 288.00 

Taxes and insurance........... 2.50 120.00 

Fair ргойЙ&.................... 10.00 480.00 
Аватедаїе............................. $4,800 $1,053.58 

Мейес: асары Ка ыйа з 21.95 
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THE COST OF INDUSTRIAL POWER 


BY ALDIS E. HIBNER 


It is hardly necessary to call attention to the rapidly in- 
creasing importance of industrial engineering subjects, a con- 
dition which has made possible the presentation of a paper on 
such a heretofore relatively unimportant subject as the cost 
of industrial power. To-day опе can scarcely pick up a technical 
magazine without finding some article on an industrial engi- 
neering subject. Тһе comparatively recent growth of this 
activity is evidenced to some extent by the fact that the In- 
dustrial Power Committee of the A.I.E.E. has been in existence 
only three years. 

The editor of a technical magazine recently commented upon 
the slowness of the industrial world in recognizing that organized 
manufacturing was essentially an engincering proposition and 
that the industrial engineer was quite different from an elec- 
trical or mechanical engineer. Тһе writer went оп to point out 
that the distinguishing features were chiefly the economic 
and human elements of the problem. 

I know of nothing which will iliustrate more vividly these 
distinguishing characteristics than a five minute talk with a 
manufacturer on the subject of power. Nearly every manufac- 
tured article requires the use of power for the completion of at 
least one step in the process. Almost all articles require power 
for every step of the manufacturing process. This results in all 
manufacturers having some experience with the cost of power, 
and there are just as many opinions on the cost of producing 
power as there are manufacturers. 

The economic features of the problem are quite clear. Every 
power user wishes to obtain his power at a minimum cost. 


NoTE.— This paper is to be presented at the New York Meeting of the 
А.І. E. E., March 10, 1911. Notice of oral d'scussion or any written 
discussion should be mailed to reach the Secretary before date of meeting. 
Written contributions received within 30 days thereafter will be treated 
as if presented at the meeting. 
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The introduction of the human element, however, quite often 
produces far different results. I have in mind one manufacturer 
who was so anxious to obtain his power (representing about 
2 per cent of the cost of production) at a low cost that he ne- 
glected his legitimate business. Тһе result was а loss of con- 
siderable magnitude in his business and a cost of power 38 per 
cent higher than the cost at which his power could have been 
purchased from a power company. 

Another example of the importance of the human element, 
and what it involves in the popular misconception and ignorance 
regarding the cost of power, is given by the manufacturer who 
maintained that his gas producer plant was turning out power 
for $15 per horse power-year, and that water power at $20 
was of no interest. А test on this plant showed a cost of $75 
per horse power-year. 

These examples are not exceptional or exaggerated aspects of 
the condition that exists among the average power users. Тһе 
manufacturer, as a general rule, does not know within an ac- 
curacy of 100 per cent how much his power is costing per unit. 
He knows how many tons of coal he is purchasing each year, and 
the wages of his engineer and fireman, but he does not know how 
many horse power-hours have been produced. 

A little consideration will demonstrate that this is not a sur- 
prising state of affairs. А concern is incorporated for the purpose 
of making shoes, ог candy, or stoves. Тһе manager is chosen for 
his knowledge and experience їп the production of these articles. 
The superintendent of a shoe factory knows how to place a shoe 
on the market that will sell in competition with other makes of 
shoes, and, at the same time, pay dividends to the stockholders. 
If he is doing this he should have little time to devote to the 
manufacture of kilowatt-hours. 

One would suppose that the manufacturer himself would be the 
first to recognize this fact and employ a consulting engineer to 
advise him in technical matters, but such is not the case. I 
know of one manufacturer who signed a contract for a power 
plant, costing $40,000, upon his own inexperienced judgment and 
the advice of the salesman who sold him the plant. Later in- 
vestigation of this contract showed that, for cleverness in con- 
cealing the real facts, it would put to shame anv shell game on 
record. 

Sometimes manufacturers retain consulting engineers on the 
basis of a percentage of the cost of the plant if it 1s installed. 
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The dangers of such a practice are quite evident, as it is asking a 
good deal of human nature for a man to lose a neat commission 
on the sale of a plant by recommending the purchase of power. 
The manufacturers themselves are largely to blame for this 
practice, as they persistently refuse to pay an adequate fixed sum 
that will obtain for them the services of the best enyincers. 

Unfortunately the engineering profession, like that of the 
medical and the legal, has its quacks, and a manufacturer has to 
take the same care in sclecting his engineer that he uses in 
selecting his physician. It is to be hoped that the present 
agitation of this subject will result in some method of eliminating 
this difficulty. 

At present it is а too common practice for a man, who tells 
you that his own business has been developed by years of ex- 
perience and study of conditions, to spend two weeks visiting 
this or that plant with a salesman, and, at the end of that time, 
thinks he has a thorough knowledge of the power problem. Іп 
fact he may go so far as one manufacturer and get you off in a 
corner and whisper in your ear that gas producers are going to 
shut down the water power plants. 

А manufacturer can no more trust his business judgment in 
the purchase of a power plant than he can trust it to perform а 
surgical operation. Тһе question in either case is one of techni- 
cal knowledge as well as economics. The man who paid $40,000 
for his power plant was an experienced business, man, but he 
honestly thought his power was guaranteed not to cost over one 
cent per kilowatt-hour, and did not notice that the sum set aside 
to cover interest, depreciation, insurance and taxes represented 
less than three per cent on the investment. Neither did he 
notice that the amount allowed for coal did not include charges 
for banking his boilers over night, and that in spite of this 
chicanery the contract, on the face of 1%, showed a cost of one 
and one-half cents per kilowatt-hour. 

In view of this state of affairs, I believe considerable benefit 
may be derived by an outline of the different factors to be con- 
sidered in the cost of producing power and a general discussion 
of the same. 

The cost of producing power bv large central station plants 
has been quite fully discussed by the Institute, but, while some 
of the principles involved are the same, there can be no direct 
application to the small industrial plants. In the one case we 
are dealing with stations of several thousand horse power ca- 
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pacity, in the latter with a plant of a few hundred. The central 
station is organized for the manufacture of electric power 
and the plant location is chosen with the object of produc- 
ing power at the lowest possible cost. The industrial plant 
is organized for the manufacture of shoes, or what not, and other 
considerations are more important in its location. The former 
has every possible advantage in favor of cheap power, the latter 
very often everything against cheap power. There are other 
considerations which make the problem quite different, such as 
the use of steam for heating and industrial processes. 

It is not at the present time, as formerly a question of electric 
drive versus mechanical drive, for nearly all the new private 
plants are electric. What the manufacturer wants to know is, 
"shall I purchase my power 
from a power company, or are 
my conditions such that I can 
produce it cheaper myself?" It 
is some of the factors entering 
into a solution of this question 
that I wish to discuss in this 
paper. Every factory has con- 


HEATING OF FACTORY 


or : | S AVERAGE 
ditions peculiar to itself which E 


require special attention and 
prevent any general deductions. 
This does not mean, however, 
that the solution of a typical зщ 
case will not be of value in 


FEB. МАҢ, АРА. 


showing the relative importance Fic. 1 
of the different factors. 

There are in general thrce factors involved in every industrial 
power problem; the investment charges, operating charges, and 
the cost of heating or use of low pressure steam. The invest- 
ment charges arc understood to cover the interest, amortization, 
insurance, taxes, and profit on the capital invested in the plant. 
The operating charges include coal, labor, repairs, and supplies. 
The cost of heating 15 the investment and operating charges of the 
boiler plant necessary for heating the building and supplying 
steam for manufacturing processes. 

A typical example of the conditions ordinarily found, we will 
say, is the Blank Shoe Co. which has outgrown its present quart- 
ers and has decided to build a new factory and eventually 
double its output. Тһе new building is to be of brick, four 
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stories high, 250 ft. (76.2 m.) long and 60 ft. (18.2 m.) in width. 
This gives a total of 60,000 sq. ft. (5574 sq. m.) of floor area 
and a content of 750,000 cu. ft. (2023 cu. m.). 

One of the first things which must be determined before 
starting construction is whether power will be purchased or 
supplied from a private plant. The first step in the solution of 
this problem is to determine the cost of heating the building. 
A heating plant is necessary in any case, as the conditions of 
manufacture are such that the temperature of the building must 
be kept above fifty degrees during the winter months. 

Fig. 1 shows the mean monthly temperatures for the seven 
winter months at Toronto. The lower curve gives the coal per 
month necessary to heat the building to a temperature of 65 deg. 


TABLE I 
HEATING PLANT INVESTMENT. 
Boiler, piping and auxiliaries, (А)............................. $1,500.00 
Building and stack, (В)...................................... 2,500.00 
Total їпүуевїтпеп{...........................+........ $4,000.00 
FixkD Cost 
Interest 6 per cent on $4,000.......... gettin n $240.00 
Insurance and taxes, 2 per cent on %4,000..................... 80.00 
Amortization on А, 44 per cent, 15 year life................... 67.50 
x “В, id 2 50 “ Жарды au ER S ааа ғы 12.50 
—— $400.00 
` OPERATING Cost 
Coal, 475 tons @ 53.00...................................... $1,425.00 
Fireman @ $15.00 per тееКк.................................. 780.00 
Supplies and гергігв......................................... 100.00 
2,305.00 
Total оо АУЛ КОЛО ЛГ УОК МЕЛ ка ЫЗ ere A $2,705.00 


fahr., the same curve to a different scale giving the average 
boiler horse power required. The coal consumption is based on 
an evaporation of seven lb. of water per pound of coal (7 kg. 
of water рег kg. of coal) one change of air per hour in the factory 
and the supplying of radiation losses. During zero weather 
90 boiler h.p. will be required. Having determined the size of 
boiler plant necessary we are ready to take up the cost of heating. 

Table I gives the investment necessary, together with the 
fixed and operating costs of the plant. 

Replacement of the plant has been provided for by a sinking 
fund drawing 5 per cent interest compounded semi-annually, 
based on a life of the various parts of the plant as given in the 
table. Тһе time of the fireman has been figured for the entire 
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year, as steam at high pressure is required the entire year for 
industrial purposes. It is of interest to note that the cost of coal 
represents only a little over 50 per cent of the total cost of heat- 
ing, and that a variation of 25 per cent in the amount of coal 
burned causes only 13 per cent variation in the total cost. 
Having determined the expense which is absolutely necessary 
in connection with the power requirements, the question asked 


TABLE II 
CoMPLETRE POWER PLANT INVESTMENT 
Capacity, 100 kw. 


Engine, generator, switchboard, wiring (А)..................... $5.500.00 
Boilers, steam piping, auxiliaries, (В).......................... 5,000.00 
Building, foundations, stack, (С).............................. 5,000.00 
$15,500.00 
Steam heating: ріш» азык ҒАР AT M swede Жаз 4,000.00 
Additional for розгег...................................ә........ $11,500.00 
Ріхер Cost ок PowER PLANT 
Interest, 6 per cent on 615,500............................... $930.00 
Profit, 5 per cent on $11,500.......... ooa AC pe y қоза Siete Woe ANC 575.00 
Insurance and taxcs, 2 per cent on 815,500.................... 310.00 
Amortization on (А), 3 per cent (20 year Ше)................. 165.00 
ы * (В), 4{ # (15 ий Pere ree Ray ee ree ee 225.00 
. кё > ЖЕ | ааа 25.00 
' -------- $2,230.00 
Fixed cost on heating ріапб.................................... 400.00 
Additional for DOWER. ае зыз ад ла Ы А адан» $1,830.00 


OPERATING COST OF POWER PLANT 
240,000 kw-hr. 


Coal @ 7.39 1b., 887 tons (  83.00........................... $2,661.00 
Banking, 181 tons @ $3.00.................................. 543.00 
Night heating, 202 tons (à 939.00.............................. 606. 00 
Engineer Q8 18:005. рам ЕР ЕМ ma ee S cam e Ato es 936.00 
Fireman Ха521о Арысы anes ра Bw CERES За Ы AGE A TN 780.00 
MW ает ТТТ ТТТ — rrr 100.00 
Oil; waste, AupDllesesyu ccs. аузы ез тек X E SV s 150.00 
КоератвазегазруаттынырғЫ ТЕ аа ақа A РЫ ҒЫ ҰШЫ ЖҰ 200.00 

%5,976.00 

Operating cost of heating рІалб................................. 2,305.00 

Additional for Power оо cR E edad на Se ина $3,671.00 

Total additional for рожет...................................... $5,501.00 

Cost per EWSDros suu vacua SVG Xa Gera yaa ow oe ws QR ae 30.0229 

Cost-per Ni pay Cats wie sue КЕШ CR awk ones as ee tod e PR EC a qu $51.40 


is Whether it 1s advisable to go a step further and make the ad- 
ditional investment necessary for generating power, ог whether 
it shall be purchased from a power company. The answer, obvi- 
ously, depends upon the additional cost of producing this power 
and the rate at which power can be purchased. Having de- 
termined the former, the rate at which power can be purchased 
to advantage is fixed. 
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The concern under consideration has a maximum demand for 
power of 100 kw. (134h.p.). The average load is 80 kw. (107 h.p.) 
giving an 80 per cent ten-hour load factor. The engine is a 
Corliss non-condensing, requiring 30 lb. (13.6 kg.) of steam per 
indicated horse power-hour. The boiler evaporation is taken 
at seven lb. of water per pound of coal, (7 kg. of water per kg. of 
coal) giving a coal consumption of 4.3 lb. (1.95 kg.) per indicated 
horse power-hour. The efficiency from steam cylinder to switch- 
board is 78 per cent, giving a coal consumption of 7.39 lb. (325 kg.) 
per kw-hr. ог 5.51 1b. (2.5 kg.) per h.p-hr. at the switchboard. 
The factory runs 300 days per year. | 

In Table II is given the investment cost, fixed cost, and oper- 
ating cost of the plant. Allowance is made for the cost of 
heating, as calculated above. 

Among the items of fixed cost will be found one covering a 
profit on the additional investment required for a power plant. 
It 15 quite clear, I believe, that a concern is not justified in іп- 
vesting in a power plant, unless the capital so invested returns 
the same profit as if invested in the most profitable part of the 
business still capable of extension. When the added risk is 
taken into consideration, I think this could safely be raised to 
10 or 15 per cent. 

. There is nothing, I believe, among the items of operating cost 
that requires explanation, with the possible exception of the 
night heating. Тһе engine is only running ten hours per day. 
It is evident then that, unless live steam is supplied to the 
heating system during part of the remaining 14 hours, the tem- 
perature will fall below that safely allowable. This feature is 
too often overlooked by the average power user. Не thinks 
that if he installs an engine his heat will cost him nothing, for- 
getting that every night his watchman is turning live steam into 
the heating system for a length of time depending upon the tem- 
perature outside. 

In Fig. 2 an attempt is made to show graphically the relative 
quantities of coal necessary for power and heat. The area 
double cross latched represents the saving in coal effected Бу 
using the engine exhaust for heating the factory. 

It is evident from these results that if power can be purchased 
for 2.3 cents per kw-hr. there is no advantage in installing a 
steam power plant. At the present time, however, an engineer 
would scarcely make any decision without investigating the cost 
of producing power by means of a gas producer plant. Before 
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taking up this question, I wish to call your attention to the fact 
that a 50 per cent increase in the amount of coal required for 
heating causes only a 9 per cent reduction in the cost of power. 
I should like, in contrast to this, to show the effect of a variation 
in the ten-hour load factor. 

By load factor I mean the ratio of the average load to the 
maximum load for a given period of timc; in this case ten hours. 
I wish to mention here that 90 per cent of powcr users do not 
know the load factor of their factory. Nearly all of them will 
tell you that their load is absolutely constant. The point was 
brought home very forcibly to one manager when a graphic 
wattmeter was installed and he could see with his own eyes that 
it took half an hour for the men to get their work started іп the 
morning, that they began to stop working half an hour before 
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noon, and that the same performance was repeated in the after- 
noon in starting and stopping. Under the best conditions it is 
difficult to get a load factor of 80 per cent, while printing and 
machine shops only have 40 or 50 per cent. 

In the assumed conditions the load factor was taken at 80 per 
cent. It 15 seen from Table II that the only items which will be 
affected by a reduction of the plant output are the first item of 
coal, and the water. Тһе amount for water is so small as to be 
negligible. Тһе first item of coal represents roughly 48 per cent 
of the net cost of power. А decrease in the load factor from 
80 per cent to 40 per cent will, therefore, decrease the output 
50 per cent and the cost of production 24 per cent, increasing 
the cost per kilowatt-hour 52 per cent or to 34 cents per kw-hr. 
Plotting a curve for different load factors and the corresponding 
cost, we get the result shown in Fig. 3. 
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The heating is assumed constant, and this introduces a slight 
error for load factors under 30 per cent, as the average load on 
the engine then becomes less than the average heating require- 
ments and necessitates supplying live steam to the heating sys- 
tem during the daytime. The main idea is to show that, while 
the average manufacturer does not know the load factor on his 
factory, it is the most important element in his power cost. 

The curve will further serve to show the mistake which nearly 
every manufacturer makes of figuring his power on a horse power- 
year basis. In the case of the above plant the manufacturer 
would consider that he had a load of 134 h.p., the maximum 
demand. As the maximum demand remains constant for all 
load factors, the cost per horse power-year figured on that basis 
would be about $41 at 80 per cent load factor and $31 at 40 per 
cent load factor, a decrease of 25 per cent instead of an increase 
of 50 per cent. The cost per horse power-year based on the 
average load is $51, as given in Table II, for 80 per cent load 
factor and $78 at 40 per cent load factor. In this latter case the 
actual cost per unit is over 2.5 times that figured by the manu- 
facturer. 

It is interesting to note the effect of the use of exhaust steam 
on the cost of power. 

If all the exhaust steam from this plant were necessary for in- 
dustrial purposes, the only additional investment necessary to 
produce power is the $5,500 for an engine and generator. The 
fixed cost on this amounts to 16 per cent or $880 per year. The 
extra operating cost is an engineer at $936 and $250 to cover oil, 
waste and repairs, giving a total of $2,066 for generating 240,000 
kw-hr., giving a net cost of 0.86 cents per kw-hr. It is quite 
evident from this that the amount of low-pressure steam that 
can be utilized plays a very important part in the cost of power. 


GAS PRODUCERS 


The most active competitor of the steam engine for power 
production is the gas producer plant. This type of plant, which 
has developed since 1900, has shown remarkable economy of 
coal consumption when handled by experienced operators. 
The United States Geological Survey Report on Gas Producer 
Plants shows that for an average of a great many tests the non- 
condensing steam plant requires 2.7 times as much coal per unit 
аз the producer plant. Their results give a thermal efficiency 
at the switchboard of 4.86 per cent for the steam plant and 19.5 
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per cent for the producer plant. The maximum attainable 
efficiency is probably 10.3 per cent for the steam plant and 
21.5 per cent for the gas producer under present conditions. 
In view of this known economy a great many producer plants 
have been installed in the last few years. 

For the factory under consideration the conditions will re- 
quire the installation of a 175-h.p. engine and producer, and in 
addition a heating plant for heating the building. As this 
heating plant is required in any event, the cost of heating is 
eliminated as a comparative factor in the problem. The in- 
vestment, fixed costs, and operating costs of this plant are 
given in Table III. The cost of the plant is somewhat higher 
than the corresponding steam plant. The life of the plant is 
also shorter. This gives a higher fixed cost than for the steam 
plant. 


TABLE III 
GAS PRODUCER PLANT 
INVESTMENT 
Engine and producer (А)..................................... $11,900.00 
Generator, switchboard, wiring, (В)........................... 2,500 .00 
Building; (C) rio oee e aa eee dee Ик БЫЗ а eater oe oe 2,500.00 
$16,900.00 
Fixep Cost 
Interest, 6 per cent on %16,900............................... $1,014.00 
Profit, 5 per cent on %16,000................................. 845.00 
Insurance and taxes, 2 per cent оп 816,000.................... 338.00 
Amortization оп А, 15 year Ше, 44 per сепі................... 535.00 
ы “ В, 20 * * 52 ЖТП еее 75.00 
s «С, 50 “ * d €" (adios uiu eod ааа n 12.50 
--------- $2,819.50 
OPERATING CosT 
240,000 kw-hr. 
Coal, З Ib. per kw-hr. (à $4.00, 360 «опа...................... $1,440.00 
Engineer @ $195.00. ина oa et ES EE RR SEE ҚЫН 936.00 
auE GER 125.00 
Кердітбен іссе ERR км Nace ee xn ЗА ex d ean 300.00 
Water олы e atomes З Me Vis dé Vu dare eae 133.00 
Emergency service, usu ad x Uc а CR ыы жасын 300.00 
$3,234.00 
TOCA) coro eA еа иь od esp d Acn SMS E ec қалан I de АШАДЫ $6,053.50 
Cost per kw hti... le rk ж кее йы» $0.025 
Cost per һ.р-уг........................ $56.20 


The operating costs of the producer plant are only about one- 
half that of the steam plant. This, however, is counterbalanced 
by the cost of heating. The final result gives a slightly higher 
cost for the gas producer plant. The ratio of the fixed cost to 
operating cost in the two cases, however, produces a very marked 
effect where the load factor is poor. The only items effected by 
the output of the plant are coal and water. These represent 
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only about 27 per cent of the total cost, as against 50 per cent 
with the steam plant, the result being a very much higher cost 
for the gas producer at low load factors. The poor fuel economy 
on light loads would further exaggerate this effect. Fig. 4 
gives the cost at different load factors. 

The dotted lines are a reproduction of the steam plant costs 
given in Fig. 3. 

It is quite evident that where the use of exhaust steam amounts 
to anything, a steam plant can show greater economy than a gas 
producer plant. For a 24-hour load with only a small demand 
for steam to heat the building, the gas producer is the most 
economical. 

I believe that the cost of power, as worked out in the two cases 
just given, represents a condition 
which wil be found most often. 
Twenty-four hour services and con- 
densing plants are the exception and 
not the rule among the factories 
under discussion, and it would not be 
worth while to lengthen this paper 
by including them. 

I am very strongly of the opinion 
that manufacturers lose perspective 
in judging of the importance of the 
cost of power in comparison with 

o w w бо w жю other factors in their cost of produc- 

PER CENT LOAD FACTOR : 
ee tion. It is rarely that the power cost 
represents more than 2 per cent of the 
cost of the manufactured article. A saving as large as 25 per 
cent in the cost of power then only reduces the total cost 5 per 
cent. Balance this against the item of labor which often repre- 
sents 50 per cent of the cost of production. A saving of one 
per cent in this factor accomplishes the same result as a 25 per 
cent reduction in the cost of power. It seems to me that the 
chances of a one per cent reduction іп labor cost is greater than 
a 25 per cent saving in power cost, when it is considered that a 
manufacturer is quite expert in labor matters and inexpert in 

power conditions. 

Recently I read an article on the effect of factory ventilation 
on improving the efficiency of workmen, and it appeared that an 
increase of 25 per cent in the factory output was possible under 
certain conditions, if a proper ventilating system was installed. 
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Compare the relative importance of this saving with a few hun- 
dred dollars possible in the case of the same money invested in 
a power plant. 

The time is rapidly coming when the small power user will 
take all these economic and technical questions to a consulting 
industrial engineer for solution, just as he takes his legal ques- 
tions to a lawyer. The large manufacturing companies are 
already doing so; and in a few years the purchasing of power 
plants by factory owners, without any consulting engineering 
advice, will be a thing of the past. 
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DISCUSSION ON “ THE Совт OF INDUSTRIAL POWER ", TORONTO, 
JANUARY 13, 1911. 
(Subject to final revision for the Transactions.) 

A. M. Dudley: It is common information among the men 
who are doing industrial engineering, that factory power users 
have the most diverse methods of figuring the cost of their 
power, and that very often their ultimate conclusions are as 
erroneous as in the case of the user mentioned, who honestly 
belreved that his power was costing him $15 per h.p-yr., where, 
as a matter of fact, it was really costing five times as much. 
This error, as pointed out, arises not so much from error in figur- 
ing the cost of all the power used in the aggregate, as in an error 
as to what is the actual amount of power required and used. 
One great element іп causing this error is that of load factor, and 
as Mr. Hibner points out, it is also one of the largest factors in 
determining the actual cost of the power. Load factor 15 dc- 
fined in this paper as thc relation of the average to the maximum 
load. This at once suggests two things; first, that a plant load 
factor is made up to a considcrable extent of the load factor on 
the individual machines. As it is a fact that all machines run 
most efficiently at or somewhere near their full load rating, 
a plant having a load factor of 50 per cent, which is made up of 
half the machines running under full load all the time, may have 
a cost of power per kilowatt-hour less than another plant having 
the same 50 per cent load factor but made up of all the machines 
running half loaded all the time. This is one urgent reason why 
careful tests on individual machines should be run to see whether 
units of the proper capacity have been selected for the various 
applications. Тһе writer has in mind a plant driven by induc- 
tion motors where the plant power factor was brought up from 
35 per cent to 65 per cent simply by shifting the motors from one 
tool to another more nearlv fitting its capacity, and the purchase 
of one or two new units of the smallest size at the bottom of the 
line. This not only directly reduced the operating cost by 
running the motors at their most economical load but had it been 
properly anticipated on the original installation, would have 
permitted the use of a smaller generator with consequently 
reduced investment charges. 

The second suggestion in regard to the question of load factors 
is that users are apt, in figuring their power consumption, to 
take the capacity from the name plate of the driving motor or 
motors and consider that as the average consumption. If, as 15 
morc often the case than not, this unit has been liberally allowed 
for, the ultimate calculated consumption of power is in error by 
even more than the ratio of the maximum to the average con- 
sumed. When these facts are considcred, it is not so hard to 
understand why the cost of power is sometimes figured in error 
by 400 per cent. As an illustration of how serious this error 
may be, figures are submitted showing the ratio of the average 
load to the connected load, which are the result of a number of 
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observations and fairly represent the average condition. These 
figures are as follows: 

Cement mills, 85 per cent. 

Textile mills—cotton and woolen, 75 per cent to 90 per cent. 

Tanneries, 55 per cent. 

Ice machines and refrigerating plants, 53 per cent. 

Marble works, 51 per cent. 

Flour mills, 50 per cent. | 

Carriage and wagon works, 35 per cent. , 

Machine shops, 35 per cent. 

Breweries, 33 per cent. 

Boiler shops, 28 per cent. 

Sheet metal manufacturing, 27 per cent. 

Soap manufacturing, 28 per cent. 

Rubber manufacturing, 25 pcr cent. 

Wood working, 10 per cent to 35 per cent. 

General average of all industries, about 331 per cent. 

Another point which the paper brings out and which merits 
recognition is the utility of the graphic meter in recording not 
only the actual power consumption in laving bare errors of this 
nature, but its secondary use of indicating interesting and 
pertinent facts regarding the management of individual machines 
and the conduct of the entire factory. For all these reasons, 
tests based upon graphic meter charts are most valuable in 
settling the much mooted question of power costs. 

One of the most valuable deductions is that the cost of power 
must be kept in its proper perspective with regard to the total 
cost of production in an industrial plant and that after all, it 
amounts in general to perhaps the astonishingly low figure of 
2 percent. This is probably the real reason why we have not in 
the past had more investigation of this subject, but it must be 
accepted with modifications, and one of the chicf of these is that 
while the cost of power in industrial plants is a small proportion 
of total cost, the cost of interruptions to the power may cause 
serious disaster. From this, we may draw two conclusions; 
first, that continuity and reliability of service must have their 
due consideration іп balancing the central station supply against 
the private plant and, second, whatever makes for reliability 
and continuity of service, even at some sacrifice of economy іп 
detail, mav be installed and will ultimately prove the greater 
economy through insurance of uninterrupted output. This 
brings the conclusion that Mr. Hibner had perhaps better split 
up his generating units and put in some reserve capacity. When 
the necessary investment charge is added to take care of this 
I believe, the paper will cover all the elements that go into the 
problem and furnish in addition, valuable data on the solution 
of a specific case. 

- E. Richards: There 15 one matter that I wish to briefly comment 
upon before calling on some of the other members to take part in 
the discussion. I have no thought of criticising Mr. Hibner's 
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paper. I think that his values have been carefully chosen. I 
had occasion to check up some of them and I think that the aver- 
age represents very good, typical, modern practice. I am, how- 
ever, interested, and somewhat amused, from one standpoint, 
in the view that is taken of the typical basis of power cost. The 
central station man makes the cost of the unit of power the basis 
for comparison, and he gets into the way of thinking only in 
kilowatt-hours. Now it is not at all apparent to one who has 
studied the power question from a general standpoint why 
this should be so prominent. Such is not the basis of cost of 
power in any case. The cost of power 15 not Басса on the 
kilowatt-hour; it is not the central station man's basis of cost 
but it is his method of selling, and the time may come and I be- 
lieve 16 coming when we will break away more or less from this 
basis of comparison of power cost. Ав transmitted power be- 
comes more prominent in power problems with its accompanying 
high fixed charges, the kilowatt-hour will become somewhat 
relatively less important. Тһе kilowatt-hour may figure for 
convenience in cases where the actual power consumed bv any 
user does not figure 1n the maximum demand coming upon the 
generating apparatus of the plant or station, but apart from that 
itis only a convenience in the selling and measuring of powcr. 
But in cases of transmission the much higher factor in the power 
cost is the demand that it brings upon the plant because of 
the relatively large fixed charges. 

Ivar Lundgaard: There are а great many factors in power 
generation of which we do not possess sufficient statistics to judge 
rghtlv, and it 15 only by the action of such bodies as the In- 
stitute that we can obtain such data. Мг. Hibner's paper has 
been very clear in defining the various factors and really does not 
leave much to be said when it is limited only to the cost. What 
I am going to say in the following has a bearing on the so-called 
fixed costs. 

One of the most notable facts about power generation 15 that 
improvements have been made at a steadily increasing rate. 
The last ten years have seen more real improvements in powcr 
generation than any previous period of the same length, and 
some that have been made in the last couple of years assure me 
that the progress is not going to be retarded. I think we will 
see still greater developments іп the future than we have scen 
in the past. I cannot go into the subject of improvements very 
largely but I can mention a few. 

There have been enormous advances made іп the art of long 
distance transmission, the size and efficiency of steam turbines 
have grown, the oil engine and also the gas engine have been 
developed in the last ten years. Power plants have been 
improved in arrangement with resulting economy of space 
and labor, and, on the whole, it has resulted in materially 
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reducing the cost of power. It is also wurth noticing that the 
central station has always been the first to take advantage of 
any real advance that has been made in power generation. The 
manufacturer cannot readily follow the times because he has 
98 per cent of other things to do, and when he has his money 
tied up in a plant, that plant will go on producing power at the 
given cost until its natural departure to the scrap-heap, unless 
it has an earlier death as has been so often the case recently. 
In such a case, of course, the value of the plant is lost. "There 
have been a grcat number of such carly deaths of private plants 
in recent years, and that should cause serious consideration. 
Another thing that adds to the importance of this, is the fact 
that the private plant dies hard. There are many reasons for 
this. No factory can tell to-day what its business is going to 
amount to in five years from now. Its business may increase 
or it may decrease, and one thing is sure, that a factory cannot 
stop growing because its power plant 15 too small. It has to keep 
on adding units to the power plant. While that may boe all 
right, it usually results in a very undesirable type of plant. Тһе 
multiplication of units means more attention, more repairs, 
more labor, lower efficiency and so оп. Now, suppose that a 
factory with a plant of its own 1s placed in a position where it 
might possibly buy power from outside sources at a cheaper 
rate than it manufactures power itself. You see where the 
fixed costs hold them. They cannot take advantage of cheaper 
power unless their plants happen to be in extremely bad shape. 
ouppose a manufacturer starts in business at a time when a ' 
great development has been made in power, and installs a plant 
very much superior to that of his older competitor. Тһе first 
plant will find itself at a disadvantage іп the competition because 
it has a plant that costs so much more to run. Suppose a factory 
goes out of business or wishes to move the power plant. Іп 
both cases it represents onlv so much expense or loss in moving 
or in having to be sold. Suppose a conflagration destroys part 
of the factory. It docs not matter whether this part is the power 
plant or the factory itself. Тһе business is going to suffer a loss, 
because the business loss cannot be compensated for bv in- 
surance. No insurance company will compensate for stoppage 
of business on account of a boiler explosion. It only reimburses 
you for the cost of the buildings or a few large losses, perhaps, 
but not for stoppage of business. I am well aware that there are 
risks іп all businesses, but it 1s worth while considering if it is 
not better from an investor's point of view, to avoid investments 
in a power plant that will not yield a substantial profit when 
compared with the cost at which power can be purchased. Any 
conservative business man will hesitate before spending a large 
sum of money on a proposition that is so uncertain from a profit- 
secker’s point of view. There is one argument frequently 
brought into the discussion, and that is, the manufacturer wishes 
to be independent. It 15 safe to say that the same manufacturer 
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15 tied hand and foot when he has his money invested in a private 
plant. As long as he uses the central station power he is free to 
decrease or increase his business without suffering from the 
consequences of excessively heavy investment charges, or he 
can discontinue his business or do anything he likes, and he will 
be much less likely to have interruptions on account of strikes 
and labor difficulties. 

Mr. Hibner brought out the fact that it 15 important for a man 
in the manufacturing line to devote his time to his business. 
I believe there is an old adage about that. You may ask what all 
this has got to do with the cost of power. Mr. Hibner has 
shown that the fixed costs amount to about 50 per cent and that 
the fixed cost largely depends upon the amortization, which 
again depends upon the life of the plant. Now the life of the 
plant is usually considered to be the length of time that the engine 
can possibly keep on turning the flywheel, but I believe I am 
justified in objecting at this point, because we should not con- 
sider the possible life of a plant but the useful life of a plant. 
Dr. Osler put the limit of a man's uscfulness at the age of forty 
years. Now we have not had any Dr. Osler in the engineering pro- 
fession. I wish we had one. I have been trying to obtain sta- 
tistics as to the useful life of a plant, and I have been looking for 
them far and wide. I know that some plants go on living after 
they should have been retired and put on the pension list; I 
know that some plants have been giving useful service all their 
lives, and I know that some plants should never have been built. 

Now the question of useful life 1s of such importance I wish to 
call attention to it and emphasize the necessity of collecting such 
information that will put us on a firm basis as to where we stand 
on this item. | 

I sce one objection to one of the figures іп the tables. Тһе 
building is put down at $2500; the fixed cost is 13 per cent. The 
plant is given a twenty year life. Now when that plant 1$ out 
of business the probability is that the building itself will be useless. 
Therefore I think it is a good practice to figure the depreciation 
on the building, the same as that of the plant. I think that our 
common sense and observation tell us that when the plant has 
ended its useful life the building does not fit the new condition 
that will surround the new plant. 

А. S. L. Barnes: There is one point I wish to speak of and 
that is the cost of obtaining power from a generating station 
against that of generating it on the premises, and transmitting 
it either electrically or mechanically. In the former case the 
manufacturer does not have to pay for any power he does not 
use nor for the standby losses at noon and other periods of stop- 
page which in the case of some plants is pretty heavy. In the 
case of obtaining power from an outside source the manufacturer 
saves all that and the cost of keeping the boiler and the steam 
pipe hot. If the steam pipe mains are of any considerable 
length, it is usually a considerable item of the total cost of the 
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coal, and personally I think a certain amount for coal ought to 
be put down for fixed costs for whether you are using any power 
out of the coal or not you have to pay for it. In the case of а 
generating station if you imagine the necessary engines running 
but not supplying any power, in most cases I think it would be 
found that the coal used under these conditions, without turning 
out a single unit, would be a very fair percentage of the total 
cost used under ordinary conditions. I had an opportunity of 
testing that to some extent some years ago, and it worked out to 
be about 6 per cent, and as coal in that instance was 50 per cent 
of the total expenses of running the station the fixed charge for 
coal was pretty considerable for the twelve months. 

A. E. Hibner: There are one or two points brought up in 
Mr. Dudley’s discussion I would like to speak of. He empha- 
sized the importance of having the motors which are of the right 
size for the work to be done and showed how the power factor can 
be increased, and had been increased in several cases by doing this. 
Increasing the power factor, of course, increases directly the 
capacity of the generator. Thus, obtaining a higher power 
factor would mean a smaller generator than would otherwise be 
necessary. The motor cost itself of course would be decreased, 
the smaller motors costing less. The efficiency of motorsas 
Mr. Dudley points out are best when running at their full load. 
This does not mean, however, that a 15-h.p. motor running on 
а 7-h.p. load would not be running as economically as a 7-h.p. 
motor at full load. In fact the efficiency that is obtained by a 
15-h.p. motor running at half load 15 as good as a 7-h.p. motor at 
fullload. Тһе main thing 15 to have the motor small enough so 
as not to have a lot of money tied up unnecessarily. 

Mr. Richards brought up the point of charging on the basis of 
the kilowatt-hour. Most all power companies are now getting 
round to a system whereby thev charge a fixed amount plus 
kilowatt-hour rate; that 15, a fixed amount which would be com- 
pared with the fixed cost on the steam plant, plus a kilowatt- 
hour operating charge. In fact, some companies are coming to a 
three rate system. А fixed sum, say, of $30 a year which covers 
the cost of reading the meter and so forth, in other words a sum 
which is in proportion to the number of consumers on the line 
whether they use the power or not; then a charge of so much per 
horse power of maximum demand, then a kilowatt-hour charge. 

Mr. Lundgaard has brought out the point that considering the 
risk involved the item of profit of 5 per cent can very well be 
increased to possibly 10 ог 15 per cent. I think there is no doubt 
after Mr. Lundgaard's discussion but that we have a Dr. Osler 
amongst us. 

A. L. Mudge: In any discussion on the cost of industrial 
power we should strongly emphasize the distinct advantages 
obtained by distributing and applving power electrically as 
against transmitting 1t by shafting, belts and other mechanical 
means. Mr. Пірпег states that the cost of power in many cases 
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is not more than 2 per cent of the cost of the final product. 
Even if we forget all about the relative cost of producing power 
by different means, the arguments in favor of electric drive in 
factories would be just about as strong. The following are some 
of the advantages which result: 

First, the machines can be located in such a way as to best 
facilitate production, for it is not necessary to locate a machine 
so as to line up with a certain countershaft. 

Second, where heavy work is done, every machine can be 
served by an overhead travelling crane, as there are no counter- 
shafts, belts etc., to interferc. 

Third, where a change of speed in machines 1s of value, for 
example, on lathes, boring mills, etc., such speed variation is 
readily obtainable to a very fine degree and inside of wide limits, 
and this without stopping the work for an instant. 

Fourth, on account of doing away with belts, shafting and 
hangers the lighting is greatly improved, greater cleanliness and 
safety are obtained. 

Fifth, on large work portable tools can be freelv used, thus the 
tools can be taken to the work instead of the work to the tools. 

Sixth, certain departments or single tools in the factory can be 
run at night without having to run the main engine and most of 
the shafting. This applies more particularly to the case of power 
obtained from a central station when it is only necessary to close 
a switch to start the motor instead of bringing in the fireman and 
engineer in order to furnish power for the work of perhaps two or 
three men. 

Advantages such as the above may give economics which 
will decrease labor cost or increase rate of production in such a 
way as to save {Пе total cost of power several times over, and 
the way we should look at this question 1s that the immense ad- 
vantage in electrical drive in factories is not merely in decreasing 
the power cost, but in the increased efficiency both of men and 
machines, due to the great flexibility of the electric drive and 
the improved conditions generally which it creates. 


THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 

Electrical machinery and apparatus have become so essential 
to any engineering project that the establishment of interna- 
tional agreement as to the exact meaning of the terms, the rating 
and the general methods of testing clectrical machinery are 
becoming of world-wide importance. 

The scientific foundation of the electrical industry, as Mr. 
Arthur Balfour once said, 15 common to the whole civilized 
world, yet the actual terminology employed has very different 
meanings in different languages. 

It would undoubtedly be of great advantage to an engineer if 
he were able to draft his specifications in terms which were 
practically identical with those, not only in use 1n his own coun- 
try, but also іп other countries іп which similar apparatus 1s in 
use. What an amount of misunderstanding would be avoided if 
this were made possible! 

Again, it could not but be of great benefit to the purchaser as 
well as to the maker if electrical machines were rated in a similar 
manner in all countries. At present this 1s not the case, for 
instance, а 10-kw. motor is not necessarily а 10-kw. motor in all 
countries, due to the different basis upon which the machine 1$ 
tested to ascertain its power or output. Yet the physical tests 
which determine the output of that motor and upon which the 
power is based should surelv be the same all the world over. 

Now, it is well known that these various problems have re- 
ceived much study and attention. Тһе Americans, however, 
were the first to seriously consider the question of the classifica- 
tion of electrical machinery, and the American Institute of 
Electrical Engineers adopted a report of a Committee under the 
chairmanship of Dr. Francis B. Crocker in 1899. Gradually 
different countries followed suit and drew up reports which 
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have been of undoubted assistance to the industry adopting 
such reports. 

In 1901, under the auspices of the Institution of Civil Engi- 
neers, the British Engineering Standards Committce was 
formed, Sir William Preece К.С.В. and Col. В. Е. Crompton 
C.B. being nominated as the representatives of the British In- 
stitution of Electrical Engineers on that body. The excellent 
work of that Committee is well known and need not here be re- 
ferred to in detail. 

At the St. Louis International Congress of 1904 Col. Crompton 
presented a paper on the rating of electrical machinery which 
gave rise to much discussion. Many delegates felt that the 
time had arrived for considering these various problems inter- 
nationally and that if international coóperation оп a proper and 
permanent. basis could be secured, success would be bound to 
follow. 

It was quite recognized that the various Congresses held from 
time to time were of too short duration to allow of the dif- 
ferent problems submitted to them being studied to any depth, 
and consequently the Chamber of Government Delegates of the 
St. Louis Electrical Congress passed an unanimous resolution 
proposing the formation of an international Commission with a 
permanent organization capable of giving the continuous effort 
so absolutely necessary for the solution of these and kindred 
problems. 

The foregoing are, briefly put, the facts which have gradually 
lead up to the formation of the International Electrotechnical 
Commission. 

Although much time has elapsed since the St. Louis Congress, 
the time has been well spent, for it has been occupied in the 
general organization of this Commission which, in itself, has 
been no small matter when one considers the distance away of 
the correspondents, the difficulties to be overcome, and the ex- 
planations to be given to people of different nationalities. 

Nor can it be said that the Commission is not in a fair way 
towards accomplishing practical results. The subjects at 
present under discussion and upon which definite resolutions 
are to be promulgated in 1911 at a full meeting of the Commission 
to be held at Turin are: nomenclature, svmbols, the direction of 
rotation of vectors, and the rating of electrical machinery. In 
regard to the extremcly difficult subject of nomenclature, other- 
wise terminology, a large amount of preliminary work has 
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already been accomplished and several countries have drawn up 
an alphabetical list of terms with their definitions. These vari- 
ous lists have, however, proved most difficult of comparison, 
and in order therefore to hasten international agreement upon a 
more practical basis, it has been decided, at the recommendation 
of the Germans, to discard, for the time being, the alphabetical 
method and to draw up definitions to a list of some eighty terms 
dealing with one subject alone. The subject at present in hand 
is that of electrical machinery. This very practical method 
is certain to produce early results, because dealing with one sub- 
ject at a time implies a sequence of ideas quite impossible of 
attainment when the alphabetical method 1s considered. 

In regard to svmbols, the Commission intends to adopt, first 
of all, a certain number of general rules dealing with principles 
and this should much facilitate the choice of the actual symbols 
themselves. It 1s interesting to note how cordial are the rela- 
tions between the various sections of this Commission. The 
spirit of concession so clearly evidenced by the various members 
in their readiness to coóperate and to give way on matters of 
detail argues well for the continued success of the movement. 
The fact that the French have lately hinted that they would 
be quite prepared to consider the adoption of C for current if our 
German friends would adopt R for resistance should bring within 
measurable distance the happy day when the simple expression 
of Ohm's law will be rendered in identical svmbols all over the 
world. 

When once the Commission has given an authoritative deci- 
sion as to the direction of rotation of vectors, much of the 
present difficulty in reading the books of specialists іп alter- 
nating current work will be done away with, and the inter- 
national agreement upon electrical symbols generally must 
prove an immense boon to all students of electricity. 

The international rating of electrical machinery сап only 
come by degrees, for the conditions and usages of different coun- 
tries have all to be considered. It is, in fact, a matter of general 
education, for no decisions can be arrived at internationally 
without both the purchaser and manufacturer being consulted, and 
consequently it is only as each country gradually perceives that 
the international rating of machinery does not in any way imply 
interfcrence with design or progress, nor mcan the drawing up of 
commercial regulations governing contracts, that this subject 
can be entered into in detail, and prove of material assistance to 
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those specifying electrical machinery. At the same time it is 
noteworthy that at 1$ next meeting the Commission proposes 
to adopt the international watt as the unit of electrical and 
mechanical power, thus signalizing the passing of the undesirable 
and unscientific expression, horse power. 

It bears repeating that this movement owes its inception to 
the St. Louis Electrical Congress of 1904, and in a large measure 
to the paper which Colonel Crompton then presented. 

A preliminary meeting was held іп London in 1906, and Mr. 
Alexander Siemens, this year’s President of the British Institu- 
tion of Civil Engineers, took the chair. Fourteen countries 
were represented. Statutes were drafted and the Commission 
was practically instituted with Lord Kelvin as its first President 
and Colonel Crompton as its first Honorary Secretary. The 
central office was established in London, and English and French 
were adopted as the official languages. The latter point was 
gained because of the extraordinary facility for languages which 
is the happy possession of the German, and was largely due to 
the unfailing courtesy of the German delegates. 

A first Council meeting was held in London in October, 1908, 
when Mr. Arthur Balfour, former Prime Minister, addressed 
some forty foreign delegates, and Professor Elihu Thomson, 
U. S. А., was elected President. It should, however, be men- 
tioned that, had he lived, M. Mascart, the life-long friend of 
Lord Kelvin, would have succeeded him. 

There are in all sixteen countries in which ап Electrotechnical 
Committee is established and in direct communication with 
London. These Committees have a large measure of Govern- 
ment support. The various Government representatives on the 
Committees are of great assistance to the work. and Фе Govern- 
ment support helps to give a standing in their own country to 
the various Committees. Тһе British. Indian. Government 15 
aiding the Commission financially, though without forming а 
Committee. In Argentine, Australia, Chili, Peru, South 
Africa and Switzerland there is likelihood of a Committee being 
formed. In Holland and Russia a Committee is now practically 
nominated. 

An unofficial conference of the Commission was held at 
Brussels in August, 1910, under the presidency of M. Eric 
Gerard of the Liege University, and excellent work was ac- 
complished which has been favorably commented upon by the 
technical press in different countries. А full meeting of the Com- 
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mission is to be held at Turin, Italy, in the Autumn of 1911, 
when, amongst other matters, the tentative resolutions adopted 
at Brussels will come forward for ratification. In the mean- 
time, these tentative resolutions are being submitted to the 
Electrotechnical Committees in the various countries, but as 
the resolutions were arrived at unanimously, the Committees 
should not experience any serious difficulty in adopting them. 

It cannot but be admitted that the generous support which 
the Electrotechnical Commission is meeting with in the various 
countries and the cordial way in which the delegates are con- 
ducting their deliberations is bound to lead to useful and practical 
results. This promotion of a better understanding between 
Electricians of various nations by general agreement as to 
terminology and classification of electrical machinery is sure to 
foster the free development of international trade, to be a general 
benefit to the industry at large, and last but by no means 
least, to be a factor in furthering the peace of the world. 
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ТНВЕЕ-РНАЗЕ 
TRANSMISSION 


A Practical Treatise 


On the Economic Conditions Governing the Transmission of Electric Energy 
by Underground and Overhead Conductors. 


By WILLIAM BREW, M. I. E. E. 


The growing and very general use of three-phase transmission makes 
this subject very important and this book, which is the very first complete 
treatise on it, doubly so. In the first place it brings prominently before the 
reader such economical and financial points that he will find very useful; 
and in the second place it provides the earnest student with concrete ex- 
amples of problems which, while demanding scientific treatment, are de- 
pendent upon commercial considerations for their useful solution 


А CONTENTS. 


Introductory Transmission Loss. Working Pressure. Control of 
Е. H. P. Trunk Mains. Impedance, Harmonics, etc. Earthing. Line 
Accessories. Appendix. 


138 pages, 53х81. 82 illustrations, cloth. Net $2.00. 
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By FRANK B. GILBRETH MS 


135 pages, 51х71 inches. 44 illustrations. Cloth. 
Net $2.00. 


Efficiency of 
the Workman 


Here is a book that shows how to save money. Mr. Gilbreth has, by 
applying the principles he talks about, turned out work at such marvelously 
low costs that he has made most people skeptical. You can do the same 
thing. You can make your employees dividend producers. In this book 
are discussed in simple, clear and concise language many vital problems that 
will help in your business such as: The selection of men for various classes 
of work; methods for standardizing conditions to eliminate useless motions; 
the physical factors that govern motions, etc. If you are interested in saving 


money you need this book. 
CONTENTS. 
Introduction by Robert Thurston Kent. Chapter I.—Description and 
General Outline of Motion Study. II.—Variables of the Worker. III.— 


Variables of the Surroundings. IV.—Variables of the Motion. У.— Past, 
Present and Future of Motion Study. 


D. VAN NOSTRAND COMPANY, Publishers 
23 Murray and 27 Warren Streets, New York. 
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Institute Meeting New York 
April 14, 1911 


The two hundred апа sixty-first 
meeting of the American Institute of 
Etectrical Engineers will be held in the 
auditorium of the Engineers’ Building, 
33 West 39th Street, New York City, 
on Friday, April 14, 1911, at 8 p.m. 
The following papers will be presented: 
“Тһе Effect of Temperature Upon the 
Hysteresis Loss in Sheet Steel”, by 
Malcolm MacLaren, professor of Elec- 
trical engineering, Princeton University, 
and ‘ Commercial Testing of Sheet 
Steel for Hysteresis Loss ", Бу L. T. 
Robinson, engineer, General Electric 
Company, Schenectady, №. Y. 


Pacific Coast Meeting, Los 
Angeles, Cal., April 25-28, 1911 


The Pacific Coast meeting, as an- 
nounced in previous issues of the Рко- 
CEEDINGS, will be held in Los Angeles, 
Cal., on Tuesday, Wednesday, Thurs- 
day and Friday, April 25, 26, 27 and 
28, 1911. 
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The following is a program of the 
technical papers which will be рге- 
sented at the meeting. All of these 
papers are printed in the April PRo- 
CEEDINGS: 

Transmission Applied to Irrigation, by 
O. H. Ensign and J. M. Gaylord. 

Cisotdal Oscillations, by С. A. Campbell. 

Continuity of Service in Transmission 
Systems, by M. T. Crawford. 

New Automatic Telephone Equipment, 
by Charles S. Winston. 

А иіо- Manual Telepnone 
Edward E. Clement. 

Some Recent Developments ап Railway 
Telephony, by Gregory Brown. 

Electricity іп the Lumber Industry, by 
E. J. Barry. 

The Refining of Iron and Steel by In- 
duction Type Furnaces, by C. F. 
Elwell. 

Transmission Systems from the Operating 
Standpotnt, by R. J. C. Wood. 

А Power Diagram Indicator for High- 
Tension Circuit, by Harris J. Ryan. 


Systems, by 


TRANSPORTATION ARRANGEMENTS 


Special rates from Chicago and points 
west thereof on roads included in the 
Transcontinental Passenger Association, 
will be available for members of the 
Institute desiring to attend the Los 
Angeles Convention on trains leaving 
Chicago, April 18, 19 and 20. These 
rates were originally arranged on ас- 
count of the convention of the Elec- 
trical Supply Jobbers' Association at 
Del Monte, California, April 25 to 27. 
This association has arranged for a 
special train on the Santa Fe Railroad 
leaving Chicago April 18 at 8:00 p.m., 
arriving at Los Angeles 2:30 p.m. 
April 22. Arrangements һауе been 
made so that members of the Institute 
who so desire may travel on this train. 
Tickets may be routed westbound via 
Santa Fe, returning via the same or 
any other direct route.. Members de- 
siring to join the train at Chicago ог 
points west should make, arrangements 
through the nearest Santa Fe office. 

Тһе rate from Chicago to Los Angeles 
or San Francisco and return, on above 
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mentioned special train or оп other 
trains leaving April 18, 19 and 20, is 
$72.50. Return via Portland is $15.00 
higher. The final time limit on tickets 
is June 30. Grand Canyon side trip 
is $6.50 additional. 

The cost of sleeping car accommoda- 
tions between Chicago and Los Angeles, 
is, lower berth $15.50, upper $12.40, 
compartment $43.50, drawing-room 
$55.00. 

The following condensed statement 
includes the rates available from some 
of the principal points: 


To San 
Francisco 
To San and Los 
Francisco ! Angeles апа 
and Los return in 
Angeles and | one direc- 
return, via tion via 
direct Portland 
routes and Seattle 
Chicago. .......... $72.50 $87.50 
St. Louis.......... 70.00 85.00 
Missouri River 
Gateways (Omaha 
to Kansas City in- 
clusive)........... 60.00 75.00 
St. Paul and Minne- 
apolis............ 73.50 81.75 
New Orleans....... 70.00 92.50 
Denver Colorado 
Springs........... 50.00 65.00 
From intermediate points corres- 


pondingly low fares will apply. 

Space will not permit publication of 
further details here. Members con- 
templating attending the Los Angeles 
meeting should therefore apply to the 
nearest passenger agent for full infor- 


mation regarding reduced rates, stop-. 


overs, side-trips, etc. 


INSTITUTE HEADQUARTERS 

The headquarters of the Institute 

during the meeting will be at Hotel 

Alexandria, Los Angeles, which is on 

the European plan. The rates are as 
follows: 

Without bath: $1.50 per person per 

i day. 
Two persons in one 
room, $3.00 per day 
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With bath: $2.00, $2.50 and $3.00 
per person per day. 
Two persons in one 
room, $4.00, %5.06 
and $6.00 per day. 


Institute Meeting in Toronto, 
Ont. April 7, 1911 

The two hundred and sixtieth meeting 
of the American Institute of Electrical 
Engineers will be held in Toronto, Ont., 
on Friday evening, April 7, 1911. A 
paper will be presented by Mr. W. S. 
Murray, electrical engineer of the New 
York, New Haven and Hartford Rail- 
road Company, entitled “ Electrifica- 
tion Analyzed, and Its Practical Appli- 
cation to Trunk Line Roads, Inclusive 
of Freight and Passenger Operation." 
The paper is an analysis of the electrical 
operation of the New York, New Haven 
and Hartford Railroad, which it com- 
pares with steam operation, and shows 
a decided advantage in favor of the 
former. The paper will be found printed 
in full in this issue of the PROCEEDINGS. 


Future Section Meetings 


WASHINGTON, D. C. 

Dr. Charles P. Steinmetz will be the 
guest and speaker at the next meeting 
of the Washington Section to be held 
on Tuesday, April 11, 1911, in the 
Assembly Hall of the Cosmos Club. 
Н. В. Stabler, Secretary, 722 12th 
Street, №. W., Washington, D. С. 


Papers for Annual Convention 
of 1911 

It has been decided to hold the An- 
nual Convention for 1911 in Chicago 
during the latter part of June. The 
exact date and further details will be 
given in the May issue of the Рко- 
CEEDINGS. | 

The Meetings and Papers Committee 
is now considering the papers to be 
presented at the convention, and invites 
members of the Institute who would like 
to present papers, to submit the manu- 
scripts of the same at the earliest pos- 
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sible date. АП papers intended for 
presentation at the Annual Convention 
should be in the hands of the Meetings 
and Papers Committee on or before 
May 1. 


Joint Industrial Power Meeting 
in New York March 10,1911 
The two hundred апа fifty-ninth 

meeting of the American Institute of 
Electrical Engineers was held in the 
Engineers’ Building, 33 West 39th 
Street, New York City, on Friday 
evening, March 10, 1911, in coóperation 
with the American Society of Mechani- 
cal Engineers. The meeting was under 
the auspices of the A.I.E.E. Committee 
on Industrial Power. 

President E. D. Meier of the A.S. M.E. 
made a brief statement in regard to the 
proposed legislation for licensing engi- 
neers, to which the Institute and various 
other national enginecring societies are 
opposed. _ 

Secretary Ralph W. Pope of the 
А.Г.Е.Е. announced that at the meeting 
of the Institute Board of Directors held 
during the afternoon 118 Associates 
were elected, and seven Associates were 
transferred to the grade of Member. 

The Secretary further announced that 
in accordance with the constitutional 
requirement the Board of Directors 
had prepared its Directors’ Nominees 
Ticket for the offices falling vacant on 
July 31, 1911, and the names of the 
nominees were read. 

President D. C. Jackson then intro- 
duced Mr. John C. Parker, of the 
Rochester Railway and Light Company, 
who read a paper on “ Comments on 
Fixed Costs in Industrial Power Plants”. 
Mr. Aldis E. Hibner, of the Toronto 
Electric Light Company, read a paper 
on “Тһе Cost of Industrial Power." 
This was followed by a paper by Mr. 
Parker on '' Notes on the Cost of Elec- 
trical Energy ”, prepared for the Ameri- 
can Society of Mechanical Engineers. 
The papers were discussed by Messrs. 
N. T. Wilcox, P. R. Moses, D. B. 
Rushmore, F. G. Gasche, R. P. Bolton, 
Arthur Williams, Parker Н. Kemble, 


JOINT INDUSTRIAL POWER MEETING IN NEW YORK 


‘Convention show that 


‚ papers, 
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H. H. Edgerton, С. М. Ripley and 
George L. Fowler. There were also a 
number of written contributions to the 
discussion. 

More extended reports of the various 
matters referred to in this notice will be 
found published elsewhere in this issue. 


Statistics of the Pittsfield- 
Schenectady Mid-Year 
Convention 

The following significant statistics 
of the Pittsfield-Schenectady Mid-Year 
the younger 
members of the Institute are capable of 
providing a great part of the useful 
contributions to the PROCEEDINGS and 
TRANSACTIONS in the form of papers 
and discussions. Readers of the papers 
and discussions presented at this con- 
vention cannot help but be impressed 
by the admirable character of the con- 
tributions there brought forth. А 
total of 15 papers and two briefs were 
read at the convention. Of these 15 
14 were contributed by the 
members of the two Sections which 
cooperated in organizing and in carrying 
out the plans for the Mid-Year Conven- 
tion. Of these 14 papers, nine were 
first papers, that is, thev were written 
by men who had not before contributed 
papers to thc Institute PROCEEDINGS 
or TRANSACTIONS. Fifty-seven mem- 
bers participated in the discussions. 
Of these 18 spoke more than once, 
four speaking four times, two speak- 
ing three times, and 12 speaking 
twice. Of these 57 contributors to 
the discussions, 29, or about half, 
were members of the two Sections, and 
the remainder were registered members 
from a distance. Twelve of the 29 
spoke for the first time in a national 
meeting of the Institute. These sta- 
tistics show that the Pittsfield-Schenec- 
tady Mid-Year Convention has added 
to the weight of the intellectual force 
which is active in tlie work of the In- 
stitute as judged by the TRANSACTIONS, 
to the extent of nine new authors of 
papers and 12 new participants in the 
discussions. 
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Directors’ Nominees Гог 1911 

At the February meeting of the Board 
of Directors, President Jackson ap- 
pointed a committee of tellers to count 
and canvass the nomination ballots 
received for the Institute offices falling 
vacant on July 31, 1911. Тһе com- 
mittee’s report is printed in full in 
this issue of the PROCEEDINGS. From 
this report, in, accordance with Article 
VI, Section 31, of the Constitution, the 
Board prepared at its March meeting 
a list of names of members whom it 
deemed best suited for the offices 
falling vacant. This list is as follows: 


DiRECTOR's NOMINEES 
For President 


Gano Ойппп.............................. 993 
Ralph D. Метгвһоп...................... 590 
For Vice-Presidents 
David B. Кизһпоге..................... 536 
C. W. бїопе............................ 499 
О рь. ides кеу С ШАЛЫ 399 
For Managers 
F. Se Нап ее РЕ БА ЫЗ 340 
Farley Osgood асыр ұстата RAE LEC OX 245 
Мы Мое e uuu ы уулла вр xa 155 
М. б. UI. PLE AO 


For Treasurer 
George А. НатіКоп..................... 1294 


For Secretary 
Ralph Ws Роре......................... 1309 


The election will take place at the 
Annual Meeting of the Institute, which 
will be held on Tuesdav, May 16, 1911. 

To be valid, ballots must be in thc 
hands of the Secretary not later than 
the first day of May. Ballots received 
after the first day of Мау cannot be 
counted. 


The Institute Reception 
A reception and ball held at the Hotel 
Astor, New York City, February 28, 
wes made the occasion of honoring the 


living past-presidents of the American | 


Institute of Electrical Engineers. The 
committee of arrangements decided that 
a function of this character would offer 
a better opportunity for the social in- 
termingling of members and guests 
than a formal banquet. This not only 
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proved to be the result, but all present 
were highly pleased, while the official 
presentation of the badges made а 
most acceptable break in the program 
of the evening, which otherwise was 
devoted to dancing, refreshments, and 
conversation. Upon completion of 
half the dancing program of 24 numbers 
the following named  past-presidents 
were grouped in the west раПегу of 
the grand ball room: T. Commerford 
Martin (1887-8); Frank J. Sprague 
(1892-3); Louis Duncan (1895-6-7); 
Arthur E. Kennelly (1898-1900); Carl 
Hering (1900-1); Charles P. Steinmetz 
(1901-2) Bion |. Arnold (1903-4); 
john W. Lieb, Jr. (1904-5); Schuyler 
S. Wheeler (1905-6); Samuel Sheldon 
(1906-7); Henry G. Stott (1907-8); 
Lewis B. Stillwell (1909-10). Letters of 
regret due to inability to attend were 
received from past-presidents Edward 
Weston (1888-9); Elihu Thomson (1889- 
90); Alexander Graham Bell (1891-2); 
Edwin J. Houston (1893--4-5); Francis 
B. Crocker (1897-8); Charles F. Scott 
(1902-3) and Louis A. Ferguson (1908- 
9). The ceremony of presentation of 
badges was begun by President Dugald 
C. Jackson, whose address, while in 
substance historical in its reference to 
the Institute, was accompanied by ap- 
propriate personal references, not only 
to the past-presidents, but to the charter 
members, and the three living secretar- 
ies, past and present, Messrs. Keith, 
Martin апа Pope, all of whom were in 
the audience. Dr. Nathaniel S. Keith 
was fittinglv referred to as the founder 
of the Institute. After the distribution 
of the badges, the senior past-president 
T. Commerford Martin, in behalf of 
his colleagues, absent and present, ac- 
knowledged the honors which had been 
bestowed upon theni. The past-presi- 
dent's badge is of the same design as the 
regulation emblem, but with white en- 
amel back ground, and is much smaller. 
The attendance at the reception was 
about 300, and so far as is known there 
was no exception to the feeling that the 
entire affair was extremely enjoyable, 
and was a fitting tribute not only to the 
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past-presidents, but to the committee 
which was entrusted with its organiza- 
tion. 


Directors’ Meeting March 10, 
. 1911 . 

The regular monthly meeting cf the 
Board of Directors of the American 
Institute of Electrical Engineers was 
held at 33 West 39th Strect, New York 
City, on Friday, March 10, 1911. Тһе 
directors present were: President 
Dugald C. Jackson, Boston, Mass.; 
Past-President Lewis B. Stillwell, New 
York, Vice-Presidents John J. Carty, 
New York, P. M. Lincoln, Pittsburg, 
Pa. Н. W. Buck, New York, Percy 
H. Thomas, New York; Managers 
David B. Rushmore, Schenectady, N.Y. 
W, С. Carlton, New York, Charles W. 
Stone, Schenectady, М. Y., А. W. 
Berresford, Milwaukee, Wis., W. S. 
Murray, New Haven, Conn., H. H. 
Norris, Ithaca, М. Y., S. D. Sprong, 
New York, Н. Н. Barnes, Jr., W. 5. 
Rugg, New York, C. E. Scribner, New 
York; Treasurer George A. Hamilton, 
Elizabeth, N. J.; and Secretary Ralph 
W. Pope, New York. | 

One hundred and fifteen candidates 
for membership in the Institute as 
Associates were elected. 

Fiftv-seven students were declared 
enrolled. | 

The following Associates were trans- 
ferred to the grade of Member: 

H. S. Wynkoop, Electrical Engineer, 


Dept. Water Supply, Gas and Elec- , 


tricity, New York City. 

DANIEL W. МЕлр, Consulting Engineer 
and Professor of Hydraulic Engi- 
neering, University of Wisconsin, 
Madison, Wis. 

EVERETT Morss, President, Simplex 
Electrical Company, Boston, Mass. 

Henry A. Morss, V. P., Simplex Elec- 
trical Company, Boston, Mass. 

EDWARD SCHILDAUER, Electrical and 
Mechanical Engineer, Isthmian Canal 
Commission, Culebra, С. Z. 

o. J. LisBERGER, Engineer, Electrical 
Distribution, Pacific Gas and Elec- 
tric Company, San Francisco, Cal. 


Gustavo Loso, Partner and Chief 
Engineer, V. M. Braschi and Com- 
pany, City of Mexico, Mex. 

The names of the Associates elected 
and the students enrolled are printed 
elsewhere in this issue. 


Associates Elected March 1O, 
1911 

BARRETT, SAMPSON A. Кіквү, Instruc- 
tor of Physics and Electrical Engi- 
neering, Polytechnic Institute; res., 
13 Monroe Place, Brooklyn, N. Y. 

BATTEY, WALTER Raymonp, Mechani- 
cal and Electrical Designer, Southern 
California Edison Co.; res, 411 
Windermere Ave., Los Angeles, Cal. 

BEMAN, RALPH, Engineering Depart- 
ment, National Electric Lamp Asso- 
ciation; res., 1954 East 116th St., 
Cleveland, Ohio. 

BENSON, NELs C., Telephone Engineer, 
Western Electric Co., 463 West St.; 
res., 19 East 130th St., New York 
City. 

BEURKET, JOHN LEONARD, Electrical 
Contractor, Honesdale, Pa. 

BLOOMER, FRANK FULTON, Salesman, 
General Electric Co.; res., 631 West- 
ern Ave., Lynn, Mass. 

BoorH, WILFRED EDWIN, Standard 
Gauge Manufacturing Co., Foxboro, 
Mass. 

BOWMAN, HUuBERT Dickson, Draughts- 
man, Ontario Power Co., Niagara 
Falls; res., 509 Ontario St., London, 
Ont. 


BRADLEY, ALFRED LEROY, Draughts- 
man, Pacific Electric Engineering Co., 
213 Second Street; res., 791 East 
Yamhill St., Portland, Ore. 


BRAUCHER, HARVEY M., Professor of 
Physics, Forty Fort High School; 
res., 30 Fort St., Forty Fort, Pa. 

CELLAR, GEORGE ANDREW, Superin- 
tendent of Telegraph, Pennsylvania 
Lines West of Pittsburgh, 1003 Penn 
Ave., Pittsburgh, Pa. 

CHRISTIAN, CHARLES HENRY, Chicf 
Draftsman and Construction Engi- 
neer, Cleveland Engineering Co., 
Cleveland, Ohio. 
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CONNARD, Cunmris EARL, Engineering 
Apprentice, Westinghouse Electric & 
Mfg. Co., East Pittsburg, Pa. 

Соз сил, HENRY ALLISON, Electrical 
Engineer,. Enginecring Department, 
E. W. Clark & Co., 909 Wyandotte 
Bldg.. Columbus, Ohio. 

CRIM, LEMUEL PauL, Engineer, Pacific 
Tel. & Tel. Co., 327 Henry Bldg.; 
res., 4541 9th Ave., N. E., Seattle, 
Wash. | 


CUMMINS, ALDEN CURRY, Assistant to 
Electrical Superintendent, Carnegie 
Steel Co., Duquesne; res., 7445 
Church St., Swissvale, Pa. 


CURRIER, EDWARD WARREN, Salesman, 
Electrical Dept., Fairbanks, Morse & 
Co., 423 East 3rd St.; res., 2708 
Menlo Ave., Los Angeles, Cal. 


CURTIS, HARRY STUART, Switchboard 
Attendant, Portland Railway, Light 
& Power Co.; res., 427 Harrison St., 
Portland, Ore. 


Dannv, CHARLES ALBERT, Chief Elec- 
trician, Union Light & Power Co.; 
res., 116 West 14th St., Junction 
City, Kansas. 


DUCKWORTH, WILLIAM JOHN, Chief 
Electrician, Winnipeg Electric Rail- 
way Co., Water Power Plant, Pinawa, 
Man. 

DWIGHT, HERBERT BANCROFT, Asso- 
ciate Professor of Mechanical Engi- 
neering, University of Oklahoma, 

: Norman, Okla. 


EATON, OnmsAMUs Eaton, Electrical 
Inspector, Underwriters’ Association 
of New York State, 65 Citv National 
Bank Bldg., Utica, N. Y. 


EGBERT, CHARLES COGGILL, Consulting 
Engineer, 52 Gluck Building; res., 
131 Buffalo Ave., Niagara Falls, 
N. Y. 

ENSINGER, FREDERICK CHARLES, Super- 
intendent Electrice Meter Dept., San 
Francisco Gas & Electric Co., 215 
5th St., San Francisco, Cal. 

Еуахв. CLARENCE TURNER, Electrical 
Engineer, Cutler-Hammer Mfg. Co., 
res. 24114 Chestnut St., Milwaukee, 
Wis. 
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EWART, FRANK RICHARD, Resident 
Engincer, Smith, Kerry & Chace, 551 
Confederation Life Bldg., Toronto, 
Ont. 

FABER, DANIEL CLEVELAND, Instruc- 
tor in Mechanical Engineering, Uni- 
versity of Wisconsin, Extension Div., 
133 2nd St., Milwaukee, Wis. 

Fast, Вувом MACAULEY, Electrical 
Engineer, Empire District Electric 
Co., 414 Joplin St.; res., 520 Byers 
Ave., Joplin, Mo. 

FAWKS, MARVIN EDWARD, Manager, 
City Water and Light Department, 
Columbia, Mo. 

FELDHAKE, LAURENCE Носн, Reval- 
uation Enginecr, Houston & Texas 
Central Railroad Со.; res., 2309 
Colorado St., Houston, Texas. 

FENKHAUSEN, RUDOLPH HENRY, Chief 
Electrician, Risdon Iron & Locomotive 
Works; res., 1261 Second Ave., San 
Francisco, Cal. 

GoopwiN, HAROLD, JR., Assistant 
Superintendent of Distribution, Phil- 
adelphia Electric Co.; res., 3927 
Locust St., Philadelphia, Pa. 

GORMAN, LAURENCE JOSEPH, Assistant 
іп Electrical Engineering, Stevens 
Institute of Technology; res., 58 
Eighth St., Hoboken, М. J. 

GRAHAM, SIMEON BURR, Engineering 
Student, "Vestern Electric Co.; res., 
1515 W. Monroe St., Chicago, Ill. 

GREENOUGH, WILLIAM CHARLES, Grad- 
uate Assistant in Electrical Engineer- 
ing, Worcester Polytechnic Institute, 
Worcester, Mass. 

GROESBECK, HyruM, JR., Superinten- 
dent Lines and Services, Utah Light 
& Railway Co.; res., 548 24th St., 
Ogden, Utah. | 

GUNDERSON, GUNDER GEORGE, Man- 
ager Electrical Department, H. W. 
Johns-Manville Co., 576 First Ave., 
South Seattle, Wash. 

HARMONY, CHARLES ALLEN, City Elec- 
trician; res., 722 D Street, Centralia, 
Wash. : 

HARRIS, LESLIE HUNTINGTON, As- 
sistant Professor of Electrical Engi- 
necring, University of Pittsburgh, 
Pittsburgh, Pa. 
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HASKINS, BRADLEY, Foreman іп Draft- 
ing Room, Allis-Chalmers Co.; res., 
207 22nd St., Milwaukee, Wis. 

HATHAWAY, JOSEPH Woop, Engineer, 
American Telegraph & Telephone 
Co., 15 Dey St., New York City; res., 
799 Union St., Brooklyn, N. Y. 

HAYBARKER, VERN H., Electrician, 
Oregonian Publishing Co.; res., Arl- 
ington Hotel, Portland, Ore. 

HENKHE, EpMUND, British Westing- 
house Electric & Mfg. Co., Trafford 
Park; res., 46 Malfield Road, Fallow- 
field, Manchester, Eng. 

HENNING, ARTHUR Guy, Chief Equip- 
ment Man, American Tel. & Tel. Co., 
201 6th St., S. E., South, Minneapolis, 
Minn. 

Hicks, GEORGE ELMER, Electrical Engi- 
neer, United Rico Mines Company, 
Rico, Colo. 

Hopes, Harry Jacos, District Plant 
Engineer, Chesapeake & Potomac 
Telephone Co., 5 Light St., Baltimore, 
Ма. 

Hoock, THEODORE, Designing Engineer 
Westinghouse Electric & Mfg. Co., 
Pittsburg; res., 1224 Mill St., Wilkins- 


burg, Pa. 
HOSKINSON, CARL МСКЕЕ, Drafts- 
man, Great Western Power Co., 


Shreve Bldg.; 
Francisco, Cal. E 

HoucH, CLINTON WALLACE, General 
Manager, Consolidated Power & 
Light Co., Deadwood, S. D. 


KALBACH, ANDREW EDWIN, Manager 
and Engineer New York City Inter- 
borough Railway Co., 180th St., & 
La Fontaine Ave., New York City. 


KEIsTER, Мио T., 1570 Lincoln 
Street, Denver, Colorado. 


KEPHART, CALVIN IRA, Student, Uni- 
versity of California, Berkeley; res., 
3657 17th St., San Francisco, Cal. 


KNAPP, MARION FRANK, Sales Agent, 
General Electric Co., 15th Floor 
Park Bldg., Pittsburg, Pa. 

KooNTZ, JOHN ANDREW, JR., Testing 
Department, General Electric Со.; 
res., 702 Campbell Ave., Schenec- 
tady, М. Ү. 


908 Pine St., San 
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LANDGRAF, THEODORE HENRY, Division 
Plant Supervisor, Southern Bell Tele- 
phone & Telegraph Co., Savannah, 
Ga. 

LAURIE, ARTHUR EDGAR, Draughtsman, 
New York Edison Co., 55 Duane St., 
New York City; res., 190 Clermont 
Ave., Brooklyn, N. Y. 

LAVINE, SAUL, Electrical Engineer, 
General Electric Company, Park 
Building; res., 5136 Jackson St., 
Pittsburg, Pa. 

LEAMY, JAMES MAURICE, Engineer, 
Smith, Kerry & Chace, Winnipeg; 
res., Pointe du Bois, Manitoba. 

LEDFORD, Noan H., President, Pike 
County Electric Light & Power Co., 
Bowling Green, Mo. | 

LEGGETT, FREDERICK HAMILTON, For- 
eign Sales Manager, Western Electric 
Co., 463 West Street, New York City. 


LIEKERT, FRED Накоо, White City 
Electric Company, 377 Dearborn 
St.; res., 2038 Bingham St.. Chicago, 
Ill. 

LILLEY, CHARLES’ ELuis, Electrical 
Engineer, Jeffrey Manufacturing Co.; 
res., 1683 Summit St., Columbia, O. 

LITTLE, JOHN HENRY, 202 N. Hamlin 
Ave., Chicago, Ш. 

Loup, FRANCIS MARTIN, Cadet Engi- 
neer, Public Service Railway Co 
res., 311 Jane St., Hoboken, N. J. 


LOVE JOHN COLEMAN, Sacramento 
Electric Gas and Railway Co.; res. 
517 12th St., Sacramento, Cal. 

MACNEILL, FRANCIS WAYLAND, Trav- 
eling Salesman, Canadian General 
Electric Co., Calgary, Alberta. 


MARSH, ALBERT L., Draftsman, West- 
inghouse, Church, Kerr & Co., 10 
Bridge St., New York City. 


MARTINDALE, EARL HENRY, Electrical 
Engineer, National Carbon Co.; res., 
1982 W. 99th Street, Cleveland, Оһо. 

MAYNARD, HAROLD VICTOR, Sales Еп- 
gineer, Canadian General Electric 
Co., Ltd.; res, 90 Borden St., 
Toronto, Ont. 

McINTYRE, NEIL McMASTER, Marconi 
Station, Virginia Beach, Va. 
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McMasTER, ROBERT KEITH, Student, 
Allis-Chalmers Co.; res., 439 64th 
Ave., West Allis, Milwaukee, Wis. 

MERRILL, AMBROSE Ponp, Hydraulic 
Engineer, Knight Power Co., Provo, 
Utah. 

MICHAEL, FRANK CuRTIS, Erecting 
Engineer, Consolidated Engine Stop 
Co., 114 East 28th St.; res., 662 
Lexington Ave., New York City. 

MONTAGU, GILBERT PAUL, М. Ү. С. & 
H. R.R. Power House, Port Morris; 
res., 439 West 57th St., New York 
City. 

MORELAND, Epwarp L., О. С. & W.B. 
Jackson, 84 State St.; res., 85 New- 
bury St., Boston, Mass. 

MYERS, ALEXANDER M., Research 
Engineer, Westinghouse Lamp Com- 
pany, Bloomfield; res., 713 Park Ave., 
Hoboken, N. J. 

NEVILLE, WILLIAM HART, Contracting 
Electrical Engineer, 606 Audubon 
Bldg.; res., 4323 South Franklin St., 
New Orleans, La. 

NIMS, ALBERT ARMSTRONG, Instructor 
in Physics, Worcester Polytechnic 


Institute; res, 181 Russel St., 
Worcester, Mass. 

Мүвтком, CLIFFORD WILLIAM, Stu- 
dent, University of Kansas, Law- 


гепсс, Kansas. 

Реск, Louis TUCKER, Salesman, West- 
inghouse Electric & Mfg. Co., 1115 
North American Bldg., Philadelphia, 
Pa. 


PETERSON, CLARENCE ALFRED, Elec- 
trical Engineer and Draftsman, Sup- 
ervising Architect's Office; res., 1404 
L St., Washington, D. C. 

PHELPS, ROBERT DwiGutT, Electrician, 
Pittsburgh Plate Glass Co., Crystal 
City, Mo. 

PHILLIP, HARRY J., Operator, Telluride 
Power Co., Ames, Colorado. 

PoE, JosePH K., Electrician, Ward 
Shaft Pumping Association, Virginia 
City, Nev. 

Porosky, MATTHEW, Electrical Engi- 
neer, Motor Dept., Holtzer-Cabot 
Electric Co., 621 Albany St., Boston, 
Mass. 


PROCEEDINGS 
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QUINN, CHARLES HENRY, Assistant 
Engineer of Motive Power, Norfolk 
& Western Railway, Roanoke, Va. 

Rick, CHARLES A., Electrical Engineer, 
Republic Rubber Co., 1452 Logan 
Ave., Youngstown, Ohio. 

Rick, ALVIN HowarpD, Electrical Engi- 
neer, Allegheny County Light Co.; 
res., 817 Collins Ave., Pittsburg, Pa. 

ROBBINS, FRANK ANSON, Instructor, 
Iowa State College, Ames, Iowa. 

RocaP, CHARLES CLARENCE, Secretary 
and Treasurer, Electric Control & 
Supply Co., 36 Vesey St., New York 
City. 

ROSEVEAR, Morris Burt, Assistant to 
Superintendent of Distribution, Pub- 


lic Service Railway Co., Newark, 
№. J. 
SCHWENGER, CHARLES EDWARD, In- 


spector, Toronto Hydro-Electric Sys- 
tem; res., 175 McCaul. St., Toronto, 
Ont. . 


SMITH, Е. DARWIN, JR., Electrical 
Draftsman, Rochester Electric Motor 
Co.; res., 77 Park Ave., Rochester, 
N. Y. 

SMITH, JOSEPH ALBERT, Switchboard 
Operator, Washington Water Power 
Co., Reardan, Wash. 

STEPHENS, EUGENE, Manager, Incan- 
descent Lamp Sales Dept., General 
Electric Co., 816 Wainwright Bldg., 
St. Louis, Mo. 


STEWART, Ross R., Engineer, Kansas 
City Veterinary College; гез., 1101 
East 16th St., Kansas City, Mo. 

STRAUCH, JOSEPH ZACHERIAH, Super- 
intendent Electric Meter Dept., Sa- 
cramento Electric Gas and Railway 
Co., Sacramento, Cal. 


STREET, О. Dickinson, Telephone 
Sales Engineer, Western Electric 
Co., 463 West St., New York City. 

SVENSSON, Отто M., Kilmer, Pullen & 
Burnham, 508 McKinnon Bldg.; res., 
6 Bond St., Toronto, Ont. 

THOMAS, OscAR ERNEST, JR., Sales 
Agent, General Electric Co., 365 
I. W. Hellman Bldg., Los Angeles, 
Cal. 
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TOLMAN, GEORGE EDWARD, Student 
Engineer, General Electric Co.; res., 
642 Terrace Place, Schenectady, N.Y. 

TOWNSLEY, FREELAND PAGE, Engineer 
Estimating Dept., Allis-Chalmers Co. 
Milwaukee; res., 431 64th Ave., West 
Allis, Wis. 

TRUAx, Навһом E tas, Electrical Ma- 
chinist, Puget Sound Navy Yard; res., 
112 State St., Bremerton, Wash. 


VON RziH4, EDMUND, Manager, Sie- 


mens-Schuckert werke, Constanti- 
nople, Turkey. 
Voss, ANDREW NICHOLAS, Foreman, 


Goldfield Consolidated Mines Co., 
Goldfield, Nev. 


WAIGHT, ARMISTEAD TAYLOR, Inspec- 
tor and Tester, Chicago Telephone 
Co., 61 Market St., Chicago, III. 


WEBSTER, EDGAR EINER, JR., Engineer- 
ing Inspector, Board of Supervising 
Engineers, 181 La Salle St., Chicago, 
Ш. 


WEEKS, LESTER SUMNER, General Sup- 
erintendent, Ponce Railway & Light 
Co., Ponce, P. R. 


WEIL, MAXIMILIAN, Tester, New York 
Central & Hudson River Railroad 
Co., res., 1142 Park Ave., New York 
City. 


WHITE, Joun KENT, Electrical Con- 
tractor, Waynesboro, Va. 


WILLMANN, WILLIAM FREDERICK, Elec- 
trical Draughtsman, Edison Electric 
Illuminating Co., Boston; res., 16 
Ashland St., Somerville, Mass. 


WiLsoN, Harry R., Electrical Engineer, 
General Electric Co., res., 70 Strat- 
ford Ave., Pittsficld, Mass. 


WiTHAM, RAYMOND LEE, Assistant in 
Electrical Design, Purdue University, 
res., 1022 First St., W. Lafayette, Ind. 


WOLFENDEN, WiLLIAM EDWARD, W. E. 
Wolfenden Electric Co., Roanoke; 
res., Salem, Va. 


WYCKOFF, FRANK Brown, JR., Sales- 
man, 415 Fourth St., South, Minne- 
apolis, Minn. 

Total, 115. 


APPLICATIONS FOR ELECTION 
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‘Applications for Election 

Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in 
Associates. These 
applications will be considered by the 
Board of Directors at a future mecting. 
Any Member or Associate objecting to 
the election of any of these candidates 
should so inform the Secretary before 
April 25, 1911. 
10286 Bildt, K. V., Kiruna, Sweden. 
10287 Forward, W. V., Manton, Cal. 
10288 Grant, А. C., Manston, Wis. 
10289 Guthfahr, W., Sonora, Mex. 
10290 Wallace, F. B., Houston, Texas. 
10291 Dymling, A., Schenectady, N. Y. 
10292 Erickson, J. E., Chicago, Ill. 
10293 Foster, B. P., Wilmington, Del. 
10294 Gilcrest, О. J., Boston, Mass. 
10295 Lindsev,C. W.B.,Los Angeles, Cal. 
10296 Martin, E. F., Brooklyn, N. Y. 
10297 McCutchan, H. C., Los Angeles. 
10298 Sidley, W. P., Chicago, Ill. 
10299 Broderson, Н. P., Schenectady. 
10300 Dolson, R., Berkeley, Cal. 
10301 Edgar, B. С., San Francisco, Cal. 
10302 Elend, A. H., St. Louis, Mo. 
10303 Gifford, A. McK., Pittsfield, Mass 
10304 Groninger, J. А., San Bernardino, 

Cal. 

10305 Hacking, J. P., Waterville, Ме. 
10306 Kent, C. W., Toronto, Ont. 
10307 McKee, R. A., Milwaukee, Wis. 
10308 O'Neill, T. F., Altoona, Pa. 
10309 Smith, G. E., Madison, Wis. 
10310 Tanner, D. C., New York City. 
10311 Warnecke, C. M., Sherman, Cal. 
10312 Welsh, G. W., San Francisco, Cal. 
10313 Aceves, J., New York City. 
10314 Baldwin, В. S., New York City. 
10315 Clark, Leon L., Kansas City, Mo. 
10316 Cleary, F. X., New York City. 
10317 Cushing, R. G., Houghton, Mass. 
10318 Gehrkens, E. F., Pittsfield, Mass. 
10319 Kemper, С. E., Los Angeles, Cal. 
10320 McAllister, D. H., Provo, Utah. 
10321 Ostrom, W. R., Belleville, Ont. 
10322 Corey, C. E., St. Louis, Mo. 
10323 Fisher, IL. A., Concord, №. C. 
10324 Olson, M. E., St. Louis, Mo. 
10325 Althouse, А. J., Birdsboro, Ра. 
10326 Klauber, L. M., San Diego, Cal. 
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10327 Markhus, O. G. F., Boise, Idaho. 
10328 Taylor, C.B., Jr., Milwaukee, Wis. 
10329 Trenner, W. H., Boise, Idaho. 
10330 Cunningham, К. E., Los Angeles. 
10331 Dalgleish, R. H., Wash., D. C. 
10332 Gooding, R. F., Pittsburg, Pa. 
10333 James, E. W., Pittsfield, Mass. 
10334 King, E. V., Charleston, W. Va. 
10335 Knowlton, E., Schenectady, N.Y. 
10336 Pease, E. R., Vancouver, B. C. 
10337 Carter, R. T., E. Norwood, O. 
10338 Goodwin, F. H., Oakland, Cal. 
10339 Janowitz, A. W., Long Island City. 
10340 Mengarini, G., Rome, Italy. 
10341 Carpenter, D. E., Worcester, Mass. 
10342 English, W. J., New York Citv. 
10343 Grimm, C. F., Cleveland, Ohio. 
10344 Guy, Geo. L., Winnipeg, Man. 
10345 Hommel, J., Wilkinsburg, Pa. 
10346 Lawton, R. B., Azusa, Cal. | 
10347 Гуепу, С. А., Jr., Chattanooga, 
Tenn. 
10348 Reid, A., Alberta, Canada. 
10349 Robbins, J. F., West Allis, Wis. 
10350 Stewart, H. R., Detroit, Mich. 
10351 Gladden, L. B., Vera Cruz, Mcx. 
10352 Goodnow, F. E., Chicago, Ill. 
10353 Kelly, A. P., Hammond, Ind. 
10354 Wendell, R. B., Chicago, Ill. 
10355 McKearin,J.P., Cambridge, Mass. 
10356 Arthur, J. B., Baltimore, Md. 
10357 Allen, S. E., Hyde Park, Mass. 
10358 Bettannier, E. L., Pasadena, Cal. 
10359 Brown, W m., Oakland, Cal. 
10360 Bullard, J. E., Joplin, Mo. 
10361 Hogan, J. L., Jr., New York City. 
10362 Kliesrath, V. W., New York City. 
10363 Wheaton, А. J., Winnipeg, Man. 
10364 Adams, L. R., Zanesville, O. 
10365 Dorsey, H. G., New York Citv. 
10366 Early, R. N., Schenectady, N. Y. 
10367 Fuller, F. M., Duluth, Minn. 
10368 Paton, G. K., Llanbeus, N. Wales 
10369 Robinson, W. C., Milwaukee, 
Wis. 
Total, 84. 


Applications for Transfer 

The following Associates were recom- 
mended for transfer to the grade of 
Member at the regular monthly meeting 
of the Board of Examiners held on 
March 10, 1911. Any objection to the 


[April 


transfer of these Associates should be 
filed at once with the Secretary. 


CHARLES D'ORNELLAS, General South 
American Representative, J. G. White 
and Company, Ltd., London, Eng- 
land, at Buenos Aires, Argentina. 

DECATUR S. MiLLER, Electrical Engi- 
neer, The Connecticut Company, 
New Haven, Conn. 


FARLEY Oscoop, General Superinten- 
dent, Public Service Electric Com- 
pany, Newark, N. J. 

BASSETT JONES, JR., Consulting Elec- 


trical Engineer, 1 Madison Avenue, 
New York. 


Students Enrolled March 
10,1911 
4272 Heath, H. T., Ohio State Univ. 
4273 Brown, H. A., Univ. of Illinois. 
4274 Skelly, J. J., Pratt Institute. 
4275 Irvin, R., Washington, State Coll. 
4276 Hartwell, H. E., Worcester Poly. 
Inst. 

4277 Scriven, E. O., Mass. Inst. Tech. 
4278 Blizard, D. C., Univ. of Toronto. 
4279 Fukagava, K., Univ. of Wash. 
4280 Galbraith, F. E., Lehigh Univ. 
4281 MacTavish, Н. J.,Univ. of Toronto. 
4282 Code, A. G., Univ. of Toronto. 
4283 Cook, J., Stevens Institute. 
4284 Carnegie, J. D., Oregon Agr. Coll. 
4285 Ellwanger, E. F., Lewis Institute. 
4286 Roberts, D. A., Highland Park Coll. 
4287 White, G. L., Univ. of Wisconsin. 
4288 Schmidt, E. J., Armour Institute. 
4289 Eickenberg, P., Armour Institute. 
4290 Shoesten, G. W., Drexel Institute. 
4291 Perry, W. W., Lafayette College. 
4292 Wilson, G. W., Univ. of Minn. 
4203 Kluge, Н. M.; Bliss Electrical Sch. 
4294 Jones, W. W., Univ. of Minn. 
4295 Demarest, C. S., Univ. of Minn. 
4296 Nash, В. A., Case School Science. 
4297 Young, C. N., Univ. of Minn. 
4298 Seibert, R. H. G., Wash. Univ. 
4299 Hering, C. F., Wash. Univ. 
4300 Thompson, R. M.,Univ. of Toronto. 
4301 Woolhiser, H. L., Univ. of Wis. 
4302 Wilson, C. F., Ohio State Univ. 
4303 Walker, W. A., Univ. of Minn. 
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4304 McCoy, Г. С., Univ. of Minn. 
4305 Atwood, E. H., Cornell Univ. 
4306 Buchanan, G. P., Cornell Univ. 
4307 Carlton, W. D., Cornell Univ. 
4308 Connor, C. M., Jr., Cornell Univ. 
4309 Hoffman, C. B., Cornell Univ. 
4310 Jones, Е. T., Cornell Univ. 

4311 Morrow, L. W. W., Cornell Univ. 
4312 Rohr, С. A., Cornell Univ. 

4313 Rawlins, K. P., Purdue Univ. 
4314 Davis, E. W., Purdue Univ.. 
4315 Wilder, M. P., Purdue Univ. 
4816 Voderberg, Н.Н. M., Univ. of Neb. 
4317 Queal, В. W., Univ. of Neb. .. 
4318 Kaiser, E. D., Armour Institute. 
4319 Shaw, S. B., Stanford Univ. 
4320 Wandel, C., Stevens Institute. 
4321 Wittag, А. H., Univ. of Minn. 


4322 Carpenter, M. B., Carnegie Tech. 


Schools. 
4323 Holtz, Е. С., Univ. of Nebraska. 
4324 Kouny, J. H., Univ. of Nebraska. 
4325 Guthrie, G. L., Univ. of Nebraska. 
4826 Leinbach, H. W., Ohio St. Univ. 
4897 Пі Cio, А. A., Ohio State Univ. 
4328 Tellin, W. G., Armour Institute. 
Total, 57. 


Tellers’ Report 
To the Board of Directors, 
American Institute 
Engineers, 
GENTLEMEN :— 


of Electrical 


This committee has counted and 
canvassed; in accordance with Article 
VI of the Constitution, the nomination 
ballots received for officers of the In- 
stitute for 1911-12. The result is as 
follows: | | 


Total number of envelopes said to 
contain ballots received from Secre- 


Rejected on account of bearing no 
identifying name on outer envelope. 37 
Rejected on account of having reached 
the Secretary's office after Feb- 
тагу: Dé oii ch e iat SR EE xis 61 
Rejected on account nominations 
bearing identifying names........ 25 
Rejected on account envelopes con- 
taining proxies only............. 23 


Leaving as valid ballots.......... e 
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These valid ballots were counted, and 
the result is shown below: 


FOR PRESIDENT 


Gano Ючпп............................. 993 
Ralph D. Метгвһоп...................... 590 
жасаттегрі пасы 5% сыра а oso 56 
Blank Deua XAR OU RU CE a 43 

Ке Uc | ORO оо em 1682 


*Divided among 18 candidates each of whom 
received less than 3 per cent of the total vote. 
Detailed distribution of these 56 votes is shown 
on the original tally sheets filed in the Institute 
office. 


FOR VICE-PRESIDENTS 


D. В. Кивһтоге......................... 536 
CeWe Stone: has oak Rr hee YER LE АЙЫ ЫҒЫН 499 
WG, Carlton: ou oan Т А ТЕГТІ 399 
H-E Clifford РРР ea ec ee 379 
B. А. ВеһгепЧ........................... 115 
О б.у Юга, Теа 101 
ВО. Бе. 50 
Scattering, i seu cese s red Е 1037 
ЫК ККК ЛК ore О same нигина 1930 

TO VA Vis anit cane Wa mors A S NE Cen 5046 


*Divided among 214 candidates each of whom 
received less than 3 per cent of the total vote. 
Detailed distribution of these 1037 votes is 
shown on the original tally sheets in the Institute 
office. 


FOR MANAGERS 


И оО et me e a CCAR ЖЕЛ 240 
Farley Озмоо4........................... 245 
A. H. Титштегтап....................... 209 
ДКО СУ OOS) a ces АЛЫ oe i e ep ed 192 
We В WES атыз ына А eA ad Fedex wA 181 
Be le Bip edra ХЫ ipd eei ones 177 
М. Ууз DLOTOP o Sii rupe d DE ed ASK RE 155 
Wo РИ ua ete ea soeur ctae ЖаН 109 
Philander Betts: i. oi boo duh қа te 108 
Н. Му: ISU e ae GaSe acc dete A CR RAO 99 
E. В. Hill....... CERTE ENTER 96 
УӘ ЕПК SS аа 44 
W. B. }асКвоп........................... 55 
ЖОСА ОТЫ aa es neia eod Pla АҚҚАН К УКЕ 1574 
Blank Блек o нына АБЫЗ Ы УА 3114 

Totilo уара к dr e C ea 6728 


*Divided among 568 candidates each of whom 
received less than 3 per cent of the total vote. 
Detailed distribution of these 1574 votes is shown 
on the original tally sheetsin Institute ofħce. 
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FOR TREASURER 


Ge As Най Ооп. nf» EE 1294 
Scattering (8 candidates)................. 30 
Blauk асылды м ЕЗ ЫЗЫ ҚА ЫЫ ORE 358 

Fotak bath son КЕЛТЕГЕ 1682 

FOR SECRETARY 

R: Wa Popece roria oE a dee er eee 1309 
Samuel бһейдбоп......................... 81 
Scattering (7 candidates) ............... 31 
Ван Ксы аулы Малды Қы АЛАЛ МИМ 255 

р als GR ees 1682 


Respectfully submitted: 
Gro. A. BAKER, Chairman. 
S. М. CASTLE. 
ROBERT MORRIS. 
F. H. SHEPARD. 
Don M. RICE. 
, Committee of Tellers. 


Proposed Licensing of 
Engineers 


At a hearing before the New York 
legislative committee on general laws 
held at Albany March 1, the American 
Institute of Electrical Engineers was 
represented by О. С. Jackson, president 
Frank J. Sprague and L. B. Stillwell, 
past presidents, S. D. Sprong, manager, 
and chairman of special committce 
upon the proposed legislation, and 
Ralph W. Pope, secretary. The follow- 
ing committee reports were filed with 
the legislative committee: 


REPORT OF SPECIAL COMMITTER. 

Whereas, there are now pending in the legisla- 
ture of the State of New York three proposed 
Acts restricting the professional activities of the 
members of the American Institute of Electrical 
Engineers and limiting the freedom which they 
have always heretofore enjoyed in the practice 
of their profession and under which they have 
accomplished so much for the public welfare, and 


Whereas, the passage of these bills would have 
a deadening effect upon the profession of elec- 
trical engineering in the State of New York and 
would prevent the healthy growth and develop- 
ment of the practical applications of electricity, 

It was resolved by the Board of Directors of the 
American Institute of Electrical Engineers that 
a special committee of the Institute be appointed 
to exhaustively investigate the subject matter 
of these proposed Acts, to confer with other pro- 
fessional and learned socicties, and to take such 
action regarding the proposals in question as 
might be necessary to safeguard the future of 
electrical engincering in the State of New York. 


[April 


Pursuant to this resolution of the Board, the 
special committee has carefully investigated the 
subject, has conferred with eminent engineers 
and educators and with members and with 
officials of numerous engineering societies of the 
highest standing. This committee has found 
that it is the unanimous opinion of all with whom 
they have consulted on the subject. and it is 
their own unanimous оріпіол, after full investiga- 
tion, that the passage of any or all of these 
Acts is against the best welfare of the people of 
the State of New York; they do not represent any 
substantial public demand or need, апа their 
passage would be an undue interference with the 
liberties of electrical engineers in the State of 
New York. The committee also finds that these 
Acts also restrict the liberties алі impose harsh 
and unnecessary restrictioas upon the members of 
all of the other branches of the engincering pro- 
fession. 

Your committee therefore recommends to the 
Amcrican [nstitute of Electrical Engineers that 
in the interests of electrical engineering, in the 
interests.of its members, in the interests of the 
clients of engineers and in the interests of the 
public generally, suitable representations be made 
to the legislature of the State of New York and 
that every practicable means be adopted to 
dissuade that body from permitting these Acts 
to become laws, and that the American Institute 
of Electrical Engineers. through its President and 
other officers and members, join in protesting 
against the passage of these Acts with the repre- 
sentatives of other engineering societies at such 
hearing or hearings before the legislature of the 
State of New York as may take place in regard 
thereto. 


(Signed) S. D. SPRONG, Chairman, 
J. J. CARTY. 


W. 5. RUGG. 


The Executive Committee, at its 
meeting held in New York February 
28, 1911, unanimously adopted the 
following resolution: 


Resolved, that the Executive Committee of the 
American Institute of Electrical Engineers hereby 
approves the action of the Special Committee 
in reporting against the adoption by the New 
York Legislature of any bill or bills requiring the 
licensing of professional engincers in the State 
of New York. 

(Signed) DUGALD C. JACKSON. 
JOHN J. CARTY. 

GEO. A. HAMILTON. 
RALPH W. POPE. 
PAUL SPENCER. 
LEWIS B. STILLWELL. 
CHARLES W. STONE. 


Executive Committee. 


Another bill was introduced at the 
instigation of the Technical League, 


One eee memo 
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and is known as the McGrath bill. 
This was referred to the Committee 
on Public Education and a hearing was 
set for March 14, 1911. Тһе American 
Institute of Electrical Engineers was 
represented by Past-President Frank J. 
Sprague; Managers, Charles W. Stone, 
H. H. Barnes, S. D. Sprong; E. A. 
Baldwin, Chairman of the Schenectady 
Section, and Ralph W. Popc, Secretary; 
the National Electric Light Association 
by W. W. Freeman, President. Promi- 
nent officers and members of the Ameri- 
can Society of Mechanical Engineers, 
American Institute of Mining Engineers, 
and A merican Society of Civil Engineers 
were also in attendance, all being 
opposed to the bill which was cham- 
pioned onlv by the counsel and presi- 
dent of the Technical League. Тһе 
statement was made that the organiza- 
поп was composed of approximately 
1,000 members scattered throughout 
the country, about 250 being employed 
in the State of New York. The object of 
the bill was stated to be the elevation 
of the profession and the protection of 
the people against incomplete civil 
engineering in public works. Messrs. 
Sprague and Stone spoke against the 
bill in behalf of the American Institute 
of Electrical Engineers and were sup- 
ported by President Freeman of thc 
National Electric Light Association, 
Col. Meier, President of the American 
Society of Mechanical Engineers, Mr. 
Spilsbury representing the American 
Institute of Mining Engineers, President 
Boller of the American Institute of 
Consulting Engineers, and Mr. Francis 
of the American Society of Civil Engi- 
ncers. After the hearing it was re- 
ported from various sources that the 
bill was not likely to be pushed in 
opposition to the practically unanimous 
disapproval from cngineers of stand- 
ing. The present danger appears to 
be that similar legislation тау be 
adopted in other States which would 
be detrimental to the interests of 
engineers who have heretofore been 
practically free from interference of 
this nature. 
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International Congress of the 
Applications of Electricity, 
Tarin, 1911 

Information has been received that 
an International Congress of the Ap- 
plications of Electricity will be held at 
Turin from September 9 to 20, 1911, on 
the initiative and under the auspices 
of the Italian Electrotechnical Associa- 
tion and of the Italian Electrotechnical 
Committee, during the period of the 
International Exhibition of Industry 
and Labor. 

In order to ensure the success of the 
Congress the following committees have 
been formed: 


a. An Honorary Committee, under 
the patronage of H. R. H. the Duke of 
Abruzzi, composed of the Italian 
Ministers of public instruction, public 
works, agriculture industry and com- 
merce, war, navy, posts and telegraphs, 
besides the principal local civil and 
military authorities, the Кесіогѕ of 
Universities апа of the ‘ Polytechnic 
Institute" (Engineering College), Presi- 
dents of the Academv of Sciences, and 
of other principal technical and scien- 
tific societies, the President of the 
Itahan Electrotechnical Association, the 
President and the Honorary Secretary 
of the International Electrotechnical 
Committee. 

b. An Organizing Committee, com- 
posed of several members of the Board 
of the Italian Electrotechnical Associa- 
tion and of the Italian Electrotechnical 
Committee, the Chairmen and Directors 
of several important Industrial Associa- 
tions, the chairmen of all the electro- 
technical committees of other nattons, 
as well as those countries where an 
electrotechnical committce has not vet 
been formed. 

с. Ап Executive Committee which 
includes the chairman and several mem- 
bers of the Turin Section of the Itahan 
Electrical Association as well as the 
representatives of the principal Јоса! 
industrial companies. and concerns. 

Тһе principal endeavor of the or- 
ganizing committee, іп drawing up the 
program of the Congress, has been 
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to give the meetings a decidedly inter- 
national character. 

The attainment of this object is 
aided by the fact that the first meeting 
of the International Electrotechnical 
Committee (of standardization) will be 
convened at Turin for the same period, 
namely from September 11 to 16, and 
the official delegates of the clectrotech- 
nical committees of several nations, 
which include many well known figures 
in the electrical world, will be assembled 
there. As may be gathered from its 
resolutions, the organizing committee 
has secured the coóperation of thc 
chairmen of the electrotechnical com- 
mittees and technical associations of all 
countries, and therefore of efficient local 
elements for the selection ot official 
lectures and is sparing no effort in order 
that the countries, where electrotechnics 
are developed, may take an active part 
at the Congress, under that form. 

Moreover, with the obiect of securing 
a definite and complete program of work 
at the Congress, the organizing com- 
mittee has prepared an official list of 
subjects, for which it will appoint 
lecturers; but besides these it hopes, 
and it has already received many as- 
surances, that numerous original papers 
will, in this connection, be presented bv 
members of the Congress. 

The following preliminary procedure 
was adopted by the Comnittee of 
Organization at а meeting hell in 
Turin, December 2%, 1910. 


1. The opening ceremony of the Congress 
will take place between September 9 and 11, 
1911, at a time and date to be announced later. 

2. The subscription for membership has been 
fixed at 20 shillings (25 lire or $5) which is to 
be paid in advance. Membership carries with 
it the right to attend all meetings of the Congress 
and of the various sections, to vote and to receive 
a copy of the printed Transactions. On pay- 
ment of a fee of 8 shillings (10 lire $2), member's 
guests may attend the Congress, without a vote, 
and take part in all the entertàinments and visits 
of interest. 

3. The president of the committee of or- 
ganization together with the presidents of the 
foreign electrotechnical committees and the 
presidents of electrotechnical associations (in 
those countries in which an electrotechnical com- 
mittee has not yet been nominated) shall draw 
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up a list of official reporters, who shall be re- 
quested to present to the Congress, a paper on 
опе or other of the subjects herein enumerated. 

4. Keeping in view the fact that thc Congress, 
is to deal more cspecially with ''the Applica- 
tions of Electricity ” the reporters shall be re- 
qucsted to make their papers as practical as 
possible, giving, in а condensed form, the present 
state of the particular question being dealt 
with, as well as their own opinions upon the 
subject. 

Reporters shall be reminded that their papers 
are intended to form the basis for general dis- 
cussions of a far reaching character. 

5. These papers shall be forwarded, under 
registered cover, to the secretary of the committee 
of organization (Via S. Paolo, 10, Milan) not 
later than June 30, 1911. 

6. In addition to the papers offered by the 
official reporters, the committee of organization 
will be pleased to consider, with a view to ac- 
ceptance, papers or proposals presented by mem- 
bers or by any electrical association. 

7. Before the opening of the Congress, the 
committee of organization will endeavor to 
print the papers offered, provided that such papers 
are received before the date mentioned in N. 5. 

8. Papers may be written in French, or in 
English, German or Italian when accompanied 
by a translation, or at any rate, by a summary 
in French. 

German papers are to be written in Latin 
characters. 

9. The above mentioned languages will be 
admitted in the discussions. 

10. All papers will appear in the transactions 


‘of the Congress in their original language. Those 


in English, German and Italian will be accom- 
panied by a French translation or summary. 

11. The general regulations for the Congress 
and the number of sections, as well as the pro- 
gram of the meetings, will be drawn up by the 
committee of organization, with the executive 
committee and issued at a later date. 


The president of the organizing 
committee is Professor L. Lombardi. 
The secretaries are Messrs. С. Semenza 
and C. A. Curti. All communications 
shall be addressed to either of the secre- 
tarics at the headquarters of the com- 
mittee, 10 Via San Paolo Milan, Italy. 


OFFICLAL SUBJECTS FOR DISCUSSION AT 

THE INTERNATIONAL CONGRESS 

1. Electrical and mechanical char- 
acteristics of modern electric generators, 
with special reference to very high speed 
machines. 

2. Present state of technical pro- 
gress in the manufacture of stationary 
and traction batteries. 
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3. On the simultaneous running of 
several generating plants, all feeding 
the same system of network. 

4. The selection of the transmission 
and distributing pressure and the de- 
sign of switchboards and substations 
in large electrical installations, taking 
into account both economy in first cost 
and continuity of service. 

5. Underground high tension net- 
works in metallic connection with over- 
head lines. 

6. Present state of research іп 
reference to abnormal rises in pressure 
and means of their prevention and pro- 
tection of the system. 

7. Construction and use of auto- 
matic circuit breakers. 

8. Methods of cooling transformers 
of moderate power. 

9. Converters, rectifiers and motor- 
generators. 

10. The problem of frequency trans- 
formation. 

11. Technical and economical in- 
fluence on the lighting industry of the 
new metallic-filament lamp and of the 
metallized carbon arc lamp. 

12. Three-phase variable speed mo- 
tors, with special reference to rolling 
mills and paper mills. 

13. Monophase traction versus three- 
phase traction on main lines. 

14. High tension continuous current 
traction versus monophase traction on 
suburban lines. 

15. Overhead line construction for 
electric railways. 

16. Direct production of steel from 
ores by means of the electric furnace. 

17. Sterilization of water by processes 
employing electricity. 

18. Electricity meters with special 
reference to different kind of loads. 

19. Government control of meters. 

20. Rational methods of commercial 
measurement of electric power. 

21. The problem of increasing the 
load factor in central stations. 

22. Application of electricity to sub- 
marine boats. 

23. Long-distance wire telephony. 
| 24. Wireless telephony. 
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25. Automatic telephone exchanges 
asa mcansof economy andimprovements 
in telephonic communication in large 
cities. 

26. Research on secrecy in wireless 
telegraphy. 

27. Present and future development 
of electric heating. 

28. Comparative study of the direct 
and indirect methods of taxing elec- 
tricity in different countries. 

20. Government regulations in refer- 
ence to the electric transmission of 
power. 

30. Distribution of electric power for 
agricultural purposes. 

31. The various systems of multiple 
telegraphy. 

The Board of Directors of the Amer- 
ican Institute of Electrical Engineers, 
at its March meeting passed the fol- 
lowing resolutions: 


Whereas an invitation has been received to 
participate in the International Electrical Con- 
gress to be held at Turin in 1911, 

Resolved that the American Institute of Elec- 
trical Engineers accept the invitation to co- 
operate officially in the Congress, and undertake 
to act with sister electrical societies in this 
country for the presentation of such papers 
and reports as may be desired by the authorities 
of the Congress. 

Resolved that the President be authorized to 
appoint a committee of not exceeding six mem- 
bers in addition to himself, as а committee of 
arrangements for the American representation. 

Resolred that the President be authorized to 
appoint delegates as the representatives of the 
Institute in attendance on the Congress, who 
shall be given proper credentials. 


The membership of the Committee 
' On the International Electrical Con- 
gress of Turin," thus far appointed 15 
J. W. Lieb, Jr., Chairman, Past Presi- 
dent of the American Institute of Elec- 
trical Engineers. 

A. E. Kennelly, President U, S. Na- 
tional Committee of the International 
Electrotechnical Commission. 

T. C. Martin, Secretary National 
Electric Light Association. 

S. W. Stratton, Director National 
Bureau of Standards. 


This committee has taken steps to 
have papers prepared and presented by 
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members of the Institute on four ог 
five of the thirty-one subjects on the 
official list. These papers will be an- 
nounced later. 

The committee requests that all per- 
sons belonging to the American Insti- 
tute of Electrical Engineers who intend 
to join the Congress and take part in 
the proceedings at Turin, or who desire 
to prepare papers for transmission 
to the Congress, will communicate, 
either with one of the committee 
members, or with the Secretary of the 
Institute. It is desired to secure a 


complete list of all the Institute 
members who expect to attend the 
Congress. 


German Bureau for the Utiliza- 
tion of Electricity 

About 80 representatives of the elec- 
trical industries іп Germany, manu- 
facturers as well as central station men, 
met in Berlin, on January 28, 1911, and 
organized a Bureau for the Utilization 
of Electricity, the main object of which 
is to promote the use of clectricity in all 
its applications. 

Berlin 1$ the headquarters of the new 
society and Mr. Einar Wikander, a 
well known central station expert, has 
been chosen for manager. 

The address of the societv is Ges- 
chacftsstatte Фаст Elektricitaets ver- 
wertung Potsdamer Str. 68, Berlin W57. 


Visual Sensation in the 
Alternating Magnetic 
Field 
BY A. H. BABCOCK 

On page 80 of the March PROCEED- 
INGS there is an account by Dr. J. B. 
Whitehead on '' Visual Sensation in the 
Alternating Magnetic Field ", in which 
he states that the report is interesting 
chiefly because there has apparently 
been no other observation of ап in- 
fluence of a magnetic field on human 
sensation. Іп 1897, however, while ex- 
perimenting with some choke coils 
with large leakage connected across the 
receiving end of one of the first long 
distance high tension lines placed in 
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operation іп Central California, a very 
marked sensation of flickering light was 
noticed whenever the writer's head was 
moved through the leakage field. The 
matter was reported to the late Dr. 
F. A. C. Perrine and was investigated 
by him, though, if recollections of that 
occurrence are correct, he was practi- 
cally the only one experimenting who 
did not corroborate the observations 
of the others. At this date no record 
can be found of any publication of these 
tests, though Mr. F. С. Baum confirms 
the writer’s recollections of the experi- 
ments. The reactance used was 150 kw., 
Stanley transformer of the vertical core 
type. in which the iron circuit was 
opened sufficiently to produce practi- 
cally full load current when the 2,200- 
volt coils of the transformer were con- 
nected across the station bus bars and 
the high tension coils left open-circuited. 


More Anti-Deceleration 
BY C. O. MAILLOUX 


In the PROCEEDINGS for March, 1911, 
on pages 82 to &4, I find two com- 
munications which seek to justify 
the barbarisms '' decelerate " and '' de- 
celeration ". These two articles, іп 
my opinion, fail completely either to 
remove or to excuse the objections given 
in my article in the February number 
(pp. 44-46). 

According 10 Dr. Steinmetz, the 
justification for these two words de- 
pends upon the answer to three ques- 
tions which are, substantiallv, the fol- 
lowing: (1), whether new words are 
permissible; (2) whether these words 
are needed; (3) whether their derivation 
is correct. 

If we are to discuss fundamentals, 
let us include them all. The discussion 
has, in reality, much deeper founda- 
tions than those specified by Dr. Stein- 
metz. Не has, indeed, forgotten to in- 
clude and discuss the underlying and 
most important questions, which аге: 

4. Whether language is subject to 
any laws or conventions, or precedents, 
in regard to its formation and growth. 
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В. Whether it is necessary to ignore 
or disregard these laws, conventions 
and precedents, in coining new words. 

C. Whether, other things being equal, 
it 1s better or desirable to manufacture 
words according to accepted standards, 
or to change the design and pattern 
every time a new word is wanted. 

D. Whether the best Roman authors 
were competent authorities оп Latin 
diction, and could be trusted to settle 
matters of diction. 


E. Whether, at this late day, any 
authority whatever is competent to 
reverse their decision on a matter which 
they had themselves settled definitely 
and satisfactorily, and after that deci- 
sion has stood over 2000 years without 
challenge or question. 


We will now consider the entire series 
of questions. 

The answer to question (1) is, obvi- 
ously, subordinate to the answer to 
question A. Now, evervbody who has 
given the matter any thought realizes 
how essential system, law, and order 
have been to the development and 
growth of civilized language, as well 
as of civilized society. Without these 


things all would be chaos in both 
language and society. It is self- 
evident, and indeed, axiomatic, to 


any philologist, or to any student of 
language, that question 4 must be 
answered in the affirmative. As soon 
as this has been done, we are prepared 
to expect that at least some words 
may not be permissible or desirable. 
The proper answer to question (1), 
should then be sufficiently obvious and 
simple, namely: “И all depends on the 
words." Some words, like some man- 
ners, whether new or old are never per- 
missible, at any time and anywhere. 
Questions B and C also bear upon the 
question -of permissibility. I believe 
that the great majority of philologists 
would answer “по” to question В, 
and “уев” to question C. Indeed, 
I believe that the contrary answers 
could result only from ignorance or 
affectation. Some persons affect or 
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prefer what 1s odd and unconventional. 
There is now a craze for ultra-modern 
notions, which makes many persons 
mistake novelty for merit. То some, 
such preferences may be merely matters 
of taste; to others, they are matters of 
'* good taste "', if not of scholarship and 
culture. Dr. Steinmetz's answer to 
question *1), would have been more 
complete and more acceptable, there- 
fore, 1f he had not overlooked the 1m- 
portant fact that '' circumstances alter 
cases", and that all circumstances 
must be considered. We would doubt- 
less agree perfectly on that basis. 

We are farther apart in our opinions 
about his questions (2) and (3). My 
previous article shows that I would 
answer “по”, and emphatically, to 
both of them. I will show that Dr. 
Steinmetz has not, by any тсапѕ, 
proved that the answer should be 
“yes”, as he asserts. 

Dr. Steinmetz's question (2) as to 
the need of the new terms which he 
advocates, 1s partially answered by his 
own very significant admission, when 
he says: '' Deceleration is synonymous 
with retardation, and thus would not be 
needed, though it offers some advantage 
in its antithesis to ‘acceleration’ "'. 
I agree with him, or rather he agrees 
with me, perfectly, in regard to this 


word ‘not being needed ". I do not 
agree with him about its being “ svn- 
onymous ''. It is simply intended 


to be synonymous. That is as far as 
any demonstration has proceeded up 
to the present time. What remains 
from Dr. Steinmetz’s reasoning 15 
“some advantage" from antithests. 
Unfortunately, the alleged advantage 
is only an imaginary quantity. There 
may be a certain consonance of termina- 
tion, but there is no such antithesis of 
meaning between “acceleration "апа 
“deceleration ” as exists between “ ac- 
celeration " and “ retardation "; and, 
what is more, there cannot be, for the 
philological reason outlined in mv 
previous article. This point, which will 
be discussed further, later, 1s precisely 
one of the barriers of impossibility 
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which the proposed words cannot hope 
to get over or around. 

On the same question of ‘ need ” 
Dr. Steinmetz's reference to the verb 
"retard" furnishes the very best 
possible argument against his own con- 
tention. Here is just preciscly where 
the laws, conventions, and precedents 
of formation of the English language 
come in with irresistible force. Ever 
since the Norman conquest, the English 
language has been importing and as- 
similating words from the French 
language. For centuries, and indeed, 
until quite recently, whenever a new 
word was needed in English, it was 
invariably imported from France, if 
it could be found there. As a rule, it 
was taken from some other language 
only мһсп it was not procurable in 
France. A very large proportion of 
the English vocabulary consists, as we 
all know, of words of Latin ancestry, 
but of French parentage. This is true 
to such an extent that it is virtually a 
law of formation for whole categories 
of words, notable among them the 
words ending in "ence" in "tion ” 
in ' art" and in “аға”, Indeed, such 
words would not look right and would 
be detected immediately as foreign 
by English readers, if they came into 
that language by any other route except 
the French language. The word ''re- 
tardation ” is one of those which came 
into the English. vocabulary in this 
way. The hybrid word '' deceleration '"', 
viewed from this philological stand- 
point, is an attempt to put a French 
label on a word which was not '' made 
in France” and never could be, and 
hence, could never enter the English 
language regularly, as a word of Latin- 
French derivation or as what 15 tech- 
nically termed a '' Gallicized Latin ” 
word. Now, as to the use of '' retard ” 
intransitively, Dr. Steinmetz 1s entirely 
wrong, for two most excellent reasons; 
first, such use is perfectly justified; 
second, it is universally accepted. Іп 
importing the verb '' retard " from the 
French, the English language had the 
right to use all its ‘ possibilities ”. 
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The fact is that the French language 
actually uses this verb both transitively 
and intransitively. That was all the 
“justification " which was or could 
ever be needed for our doing the same. 
It is not at all necessary to extend the 
meaning of the verb "''retard ", as 
suggested by Dr. Steinmetz. That ex- 
tension was made centuries ago; and, on 
philological grounds, the English lan- 
guage has had unquestionable right to 
use it ever since. Hence, by all the 
rules, conventions, and precedents of 
centuries, the intransitive form of 
“retard” іп English, is absolutely 
legitimate and proper. If the word 
“ decelerate ”, proposed as a substitute 
for the intransitive verb ‘ retard,’ 
could show such a fine pedigree as 
this, I would be one of the first to favor 
it. Unfortunately, its pedigree is worse 
than none, as I shall show. As to the 
second reason; the verb “retard " has 
been used intransitively in English 
so long that it would be hard to trace 
the first use of it in that sense. Dr. 
Steinmetz was seemingly so pleased to 
find ‘‘ decelerate " in his dictionary, 
that he forgot to look up “ retard ”. 
Even the abridged or ‘ Students ” 
Standard Dictionary, makes it very 
plain that ‘‘ retard " is also ап intransi- 
tive or “ neutral " verb. 

The answer to Dr. біеіпіпеі2 5 
question (3) is subordinate to the 
answers to questions D and E, I believe 
that philologists would answer both 
these questions in the negative. These 
answers obviously introduce '' circum- 
stances which alter cases '’ to a very 
material extent. Тһе proper answer 
to question (3) is not a matter of offhand 
belief or opinion. It is more likely 
to be a matter of fact, or of Latin 
lexicon, or of Latin scholarship. Dr. 
Steinmetz's '' belief " that the deriva- 
tion of these words is correct, unfor- 
tunately, does not carry all the convic- 
tion that some of his other beliefs and 


ve 


opinions carry. Even the two Latin 
scholars mentioned in Mr. E. E. F. 


Creighton's article, as having passed 
upon the '' sanity ” of the above words, 
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must submit to ап appeal from their 
decision to a higher court. | 
That it is possible for even the best 
Latin scholars to make serious and even 
ridiculous mistakes, and to confound 
classic Latin with “ hog-latin ", was 
demonstrated by an incident of con- 
siderable interest to the Institute, which 
occurred about eight years ago, and 
created some amusement. The writer, 
at the request of the Chairman of the 
Library Committec, had prepared and 
submitted some Latin inscriptions for 
the ''ex-libris" book plate of the 
Institute Library. Disclaiming any 


expert or authoritative knowledge of | 


Latin himself, he suggested that the 
motto be submitted to the Latin de- 
partment of various universities. All 
of these, except one, passed the Latin 
as of good style and quality. The one 
objecting authority claimed that there 
was no warrant for the use of a certain 
verb, especially in the special form 
(gerundive form) used by the writer. 
Unfortunately for that authority, the 
writer was able to give first class refer- 
ences in support of his Latin, from 
among the best classical writers, in- 
cluding a quotation from Suetonius, 
which contained the identical word 
used in the identical sense; and he was 
also able to show that, in a translation 
of only three words, the authority 
aforesaid had made two mistakes. The 
said authority then ''subsided ". И 
a university expert could be caught 
napping, it is not impossible that other 
Latin ‘‘ scholars" may also be a bit 
rusty. I should say they were. The 
“authority '' 
on which I depend, is that of the best 
classical Roman authors, who were the 
real masters of Latin diction and word- 
building. 

There are questions of fact which, 
necessarily, take precedence over analo- 
gies, in regard to the way that the Latin 
words ‘‘celerare’’ and "''celeritss ” 
can be used (or misused) in making 
new words, or injecting impossible 
meanings into them. The “ analogy '' 
which Dr. Steinmetz bases upon the 
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words ‘‘ ascend’ and “ descend " has 
the weakness of many other analogics; 
namely, there remains an impassable 
gap between it and an ¢tdentity. In 
other words, he is not dealing with a 
parallel, comparable case. He can 
find both '' ascendo ” and “ descendo " 
in the Latin lexicon. If his reasoning 
were valid he would also be able to 
find ''decclerare " instead of re- 
tardare," and with the same meaning 
as the latter. Instead of that, he can- 
not find decelerare any where in any 
Latin book. Moreover, if such a word 
could be found, its meaning would not 
be that of “ гебагдаге ” at all. Аз 15 
shown in my previous article, the most 
that it could mean is '' moving without 
acceleration ", which is a meaning very 
far from “‘ retardation ". Тһе very 
formation of the words ''retardatio ”’ 
and “ retardare " proves this, and es- 
tablishes the method by which the 
Latin language arrived at the complete 
perfect antithesis of acceleration. In 
order to convey adequately the 14са of 
the action which is exactly contrary 
to acceleration (which in mathematical 
physics is termed negative acceleration) 
the Latin language utilized, as a founda- 


“ 


tion, a word “ tardare’’ which already 
meant “ to linger ог‘ to tarry 
consequently, was already inherently 


ю 


‚апа 


opposed to “ссісгаге ”, (to hasten); 
and, to go still further in the contrary 
direction of ''celerare '", it intensified 
the negative force of tardare by means 
of the prefix re, thus making retardare. 
Hence, starting from two distinct words, 
having between them ап іт ісі an- 
tithesis of meaning, there was а sys- 
tematic progression or intensification in 
two opposite directions. Acceleration 
means a quickening motion which 15 


further quickened; and retardation 
means а tarrying тойоп which is 
further slackened. Thus did the 


Romans find, in a perfectly logical 
way, a complete antithesis and antonym 
for '' acceleration ". The word “ re- 
tardation "15 the only word which сап 
express correctly that antithesis. We 
can now see, plainly, the “рар” which 
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Dr. Steinmetz’s analogy failed to bridge, 
and which makes it absolutely im- 
possible for ‘deceleration’ to be 
synonymous with ‘ retardation ". On 
any scale of relative intensities of 
meaning, the term ‘retardation ” 
would measure at least two '' degrees ' 
more than the term “ deceleration,’ 
out of a total of four degrees. [t is 
not any more easy to make them equal 
than it is to make x=x?. We are 
dealing, in both cases, with quantities 
of a different “ order” of magnitude ог 
value. 

If anybody had tried to make an 
educated Roman believe, 2000 vears 
ago, that ‘deceleration ” is synonymous 
with '' retardatio " he would have been 
ridiculed. The proposition is even more 
ridiculous to-day. In the first place 
the problem which the proposed new 
words were designed and intended to 
solve does not exist at all, having been 
solved completely, definitely and satis- 
factorily, over 2000 vears ago. In the 
second place, the proposed modern solu- 
tion is entirely wrong. It is а condi- 
tion where '' the court has по jurisdic- 
tion and the applicant has no case." 
The application cannot be entertained. 
I trust that I have, this time, justified 
fully my negative answer to question 
(3). I may add, however, that, before 
condemning the new words as hvbrids, 
I made a very conscientious effort, 
myself, to find justification for them. 
T made a thorough search through the 
entire. series (158 volumes) of the 
“ Delphini " Latin classics, а work con- 
taining all of the best Latin literature, 
edited and published in the seven- 
teenth century, by the best Latin 
scholars of that day. I have not 
been able to find anything, either 
there or in any other Latin work, or 
in any French work, which would 
entitle the new words to establish 
а legitimate pedigree. If any Latin 
scholar who objects to the verdict 
rendered against these words wishes to 
make a more complete search, Г will 
gladly place these and other books at 
his disposal. If he finds any evidence, 
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I will be the first to acknowledge it. 
Until such evidence is forthcoming, 
however, the proposed words are not, 
іп my opinion, entitled to serious con- 
sideration. The appearance of these 
bogus words in the Century Dictionary 
is like the appearance of bogus noble- 
men in fashionable circles. Тһе dis- 
covery of their bogus character ought 
to be sufficient reason, іп both cases, 
to “put them out ”. Men of science 
are wont to resent and denounce the 
violation of natural laws; yet, they are 
prone to violate the laws of language, 
some of which are very natural and 
entirely scientific. They ought to be 
the first to appreciate and uphold order 
and system, and to cultivate and cen- 
courage good diction; yet they are 
notoriously most lax in this respect. 
Let us have reform. 


— 


Alternating-Current Motors 
for Elevator Service 

The subject of “ Alternating-Current 
Motors for Elevator Service ” was dis- 
cussed at a meeting of the Pittsburg 
Section held on February 14, 1911. 
The discussion opened with a paper on 
the subject by Mr. W. Н. Patterson, of 
the Westinghouse Electric and Manu- 
facturing Company. Squirrel cage 
motors used for this service are de- 
signed with high resistance end rings 
so as to develop maximum torque 
at starting. They will develop about 
twice full-load torque and take about 
2.5 times full-load current when con- 
nected directly across the line. Тһе 
control is by means of a simple reverse 
switch, thereby replacing the more 
expensive controller and rheostat ге- 
quired by a phase wound motor. It is 
important that the torque be maximum 
at the start, for though the efficiency 
may be slightly improved Бу decreasing 
the rotor resistance, the motor would 
not then start as heavy lcads. Morc- 
over, as the required torque decreases 
after starting, an increased torque of 
the motor would cause a very sudden 
and disagreeable acceleration. Per- 
formance curves were shown. It was 


1911) 


stated that the best results were ob- 
tained when the slip is about 20 per cent. 
The full load power factor was shown to 
be about 80 per cent, and full load 
efficiency about 70 рег cent. While the 
apparent efficiency is low, it should 
not be compared with that of constant 
speed motors, as in this service effi- 
ciency is unimportant compared with 
the other characteristics. The efficiency 
of the elevator machine itself approxi- 
mates 50 percent. The power factor at 
starting varies from 70 per cent to 80 
per cent. Performance curves of the 
wound rotor type were shown. These 
have somewhat better starting condi- 
tions, developing twice full-load torque 
with about twice full-load current. 
The conditions governing the size of 
motor required were discussed. It was 
shown that the nominal rating is of 
slight importance compared to the 
starting torque developed. Тһе service 
conditions must then be considered to 
make sure that the operation ts not con- 
tinuous for long enough periods to cause 
overheating. Squirrel cage motors are 
made in sizes up to 18 h.p., this being 
the practical limit, due to starting 
current. They are used бог freight 
elevators up to speeds of 100 feet per 
minute; and in passenger service up to 
150 feet per minute. The wound second- 
ary type is satisfactory for elevators 
of all capacities up to 250 feet per min- 
ute. — Elevators operating at higher 
speeds are practically always two-speed 
machines, a feature which eliminates 
the alternating-current motor, since 
with any given resistance in the rotor 
circuit the speed will vary with the 
load. Another feature limiting the use 
of alternating-current motors 1$ the 
fact that with them dynamic braking 
can only be accomplished by the use of a 
small motor-generator set to supply 
direct-current excitation to the primary. 
However, alternating-current motors 
have been in use in elevator service for 
several years and have thoroughly 
demonstrated their adaptability for 
conditions within their range. 

Mr. F. E. Towne, of the Otis Elevator 
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Company, described the magnet control 
of slip ring motors and commented upon 
the difficulties in their application as 
compared with direct-current motors, 
particularly with regard to braking. 

Mr. H. D. James gave an interesting 
review of the development of alterna- 
ting-current motor application, dealing 
with the commercial as well as the engi- 
neering features. Не emphasized the 
importance of safety and reliability in 
this service, since failure might mean 
loss of life. This has probably re- 
tarded the development because no 
changes which might possibly reduce 
the factor of safety could be tried. 

Mr. J. E. Martin, of the Allegheny 
County Light Company, presented 
some facts from the standpoint of the 
central station. He stated that the 
elevator load of a central station is gen- 
erally confined to a district remote from 
other power loads, these same districts 
invariably having the most dense light- 
ing load. In fact, the elevator load 
follows very closely the development 
of the lighting load and maintains a 
fixed ratio of about 11 per cent of the 
total connected load. Тһе load factor 
averages about 40 per cent against 
24 per cent for lighting, and the demand 
factors have a smaller difference. "The 
peak loads on elevator installations occur 
during the pertods 7:30 a. m. to 8:15а.т., 
11:30 a.m. to 12:15 p.m., 1 p.m. to 
1:45 p.m., and 4:30 p.m. to 6 p.m. 
None of these peaks overlap the lighting 
peak, excepting that occurring bet ween 
4:30 p.m. and 6 p.m. This shows that 
it is highly desirable to use one dis- 
tribution system in the districts where 
elevator load is found. The greatest 
disadvantage to be met in carrying out 
this principle is the intermittent nature 
of the load. On a circuit having an 
elevator load exclusively, the weight 
of copper has to be greater for a given 
load than for any other kind of service. 
It has been found advantageous and 
satisfactory to combine the elevator 
load with lighting and miscellaneous 
motor load if the elevator load does not 
exceed 5 per cent of the total. This 
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low limit is due to the hcavy starting 
current. This shows how important 
are these starting characteristics and 
how desirable it is to improve them. 

There was further discussion. by 
Messrs. M. W. Bartmess, T. Уагпеу, 
and R. E. Hellmund. 


Past Section Meetings 


BALTIMORE 
The Baltimore Section held its regular 
monthly meeting at Johns Hopkins 


University on February 17, 1911. A. 


paper entitled “Тһе Electric Locomo- 
tives of the Pennsylvania Railroad" 
was presented by Mr. ]. LeConte 
Davis. The paper, which was illustrated 
by lantern slides, described the de- 
velopment of the clectric locomotive 
from the earliest {уре to the present 


locomotive. Twenty-two members 
were present. 
Возтох 
А special meeting of the Boston 


Section was held іп Pierce Hall, Harvard 
University, Cambridge, on February 25, 
1911. Dr. A. E. Kennelly, assisted by 
Messrs. Crane and Doggett, gave a 
lecture demonstration on a new dircct- 
current method of producing ехрегі- 
mentally vector diagrams of ап alter- 
nating-current circuit. By means of a 
suitably arranged alternating-current 
circuit containing apparatus designed 
by Dr. Kennelly, the voltage and im- 
pedance diagrams of the circuit were 
produced visually. Although the ap- 
paratus and processes employed are 
still in an experimental stage, the re- 
sults obtained by measurements taken 
from the diagrams меге reasonably 
accurate. 


CHICAGO 

A meeting of the Chicago Section 
was held on February 22, 1911. Pro- 
fessor Charles F. Burgess, of the 
electrochemical engineering depart- 
ment of the University of Wisconsin, 
read a paper on ‘ Electrolytic Decem- 
position of Iron in Concrete." Not- 
withstanding the fact that the meeting 
was held оп a holiday, about 100 mem- 
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bers were present, and there was соп- 
siderable discussion. Professor Burgess 
described elaborate experiments that 
have been carried on at the University 
of Wisconsin, which ро to show that 
iron embedded in concrete is decom- 
posed if the concrete is moist. With 
ordinary lake water this decomposition 
is relatively slow. With a three per 
cent salt solution the decomposition is 
rapid. Тһе experiments would seem 
to indicate, however, that the concrete 
is not decomposed. 


CLEVELAND 

The regular meeting of the Cleveland 
Section was held on Monday evening, 
February 20, 1911. Тһе program was 
in charge of the National Electric 
Lamp Association, and the subjects 
and speakers were as follows: '' Street 
Lighting with Small Units ”, by Mr. 
Н. Т. Spaulding; ‘ Physiology of 
Glare ”, by Dr. P. W. Cobb; '' Produc- 
tion of Artificial Daylight ", by Dr. 
H. E. Ives. The subjects were covered 
very fully, and owing to this there was 
not the usual amount of discussion. 
The remainder of the evening was de- 
voted to an examination of apparatus 
for the production of artificial daylight. 
An informal supper served by the asso- 
ciation followed the meeting, which was 
one of the most successful held by the 
Cleveland Section this season. The 
total attendance numbered 82 mem- 
bers and visitors. 


DETROIT AND ANN ARROR, 
MICHIGAN 
This Section held its second regular 
meeting since its organization, at Ann 
Arbor, Mich., on February 18, 1911. 
Twenty-seven members were present. 
After the adoption of a set of by-laws, 
a paper was presented by Professor С: 
L. de Muralt, of the University of 
Michigan, on ''Modern Aspects of 
Railway Electrification.” 


Еовт WAYNE 
Mr. А. B. Morrison read а paper 
on ‘‘Gas Engines” before the Fort 
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Wayne Section at a meeting held іп the 
rooms of the Fort Wayne Commercial 
Club on March 17, 1911. The paper 
was illustrated by diagrams and photo- 
graphs. Among those who took part 
in the discussion were Messrs. E. A. 
Wagner, T. W. Behan, J. V. Hunter, 
Е. М. Webber, апа Р. Н. Hazelton. 


Los ANGELES 

The Los Angeles Section held a meet- 
ing on February 28, 1911, with a total 
attendance of 58 members. After а 
discussion of the proposed Pacific Coast 
Meeting to be held on April 25-28, 
Professor A. W. Nye, of the University 
of Southern California, presented the 
Institute paper on '' Testing Steam 
Turbines and Steam Turbo-Generators’”’ 
by E. D. Dickinson and L. T. Robinson, 
published in the December PROCEED- 
INGS, together with original notes and 
diagrams. Тһе discussion of the paper 
was participated in by Messrs. R. W. 
Shoemaker, Ed. Woodbury, G. E. 
Rutledge, R. E. Orr, and J. M. Wilev. 


MADISON, Wis. 

А meeting of the Madison Section 
was held in the engineering building, 
University of Wisconsin, on February 
21, 1911. A paper was presented by 
Mr. R. C. Disque, on '' The Historical 
Significance of the Wisconsin Public 
Utility Law." In the absence of Chair- 
man Collbohm, Secretary H. B. Sanford 
presided at the meeting, and 43 mem- 
bers were present. 


MILWAUKEE 

The regular joint meeting of the 
Milwaukee Section with the Engineers' 
Society of Milwaukee was held in the 
Plankinton House, Milwaukee, оп 
March 8, 1911. Mr. Robert A. McKee, 
engineer in charge of the steam turbine 
engineering department of the Allis- 
Chalmers Company, gave a talk on 
“Steam  Turbines— The Kind апа 
Why." A considerable part of the talk 
was devoted to the proper conditions 
under which low pressure turbines 
should be used. Some consideration 
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was also given to the possible use of 
mixed pressure turbines, and several 
instances were noted where high pres- 
sure non-condensing turbines were used 
as reducing valves for steam used in 
heating or industrial work. Mr. Goetz 
discussed the basis of rating of steam 
turbines, and gencrators driven by them, 
and spoke particularlv in favor of the 
custom of rating such apparatus on a 
maximum rating basis. Mr. Worden 
discussed the question of condensers 
in connection with turbines, showing 
that excessively high vacuum could not 
be obtained with cooling water of 
initially high temperature, and also 
showing the very large amounts of 
condenser water that would be neces- 
sary under some conditions of vacuum 
and temperature of water. Mr. David- 
son called attention to the use of low 
pressure turbines in connection with an 
existing plant of Corliss engines on 
direct.current apparatus, noting par- 
ticularly that this conibination gives 
both direct and alternating current 
more cheaply than straight turbine 
sets and rotary converters for the direct 
current. About 117 members of both 
socicties took part in the meeting. 


PHILADELPHIA 

Dr. C. P. Steinmetz, of Schenectady, 
N. Y., was the guest and speaker at a 
joint meeting of the Philadelphia Sec- 
tion with the Electrical Section of the 
Franklin Institute of Philadelphia, held 
on March 2, 1911. The meeting was 
preceded by an informal dinner at 
which 85 members were present, and 
the total attendance at the meeting 
numbered 365 members of both organ- 
izations. Dr. Steinmetz’ subject was 
'" Some Unexplored Electric Fields.” 
A brief discussion followed the paper, 
consisting mainly of questions put to 
Dr. Steinmetz. 


PITTSBURG 
The Pittsburg Section held its regular 
meeting on February 14. А paper was 
read by Mr. W. H. Patterson on 
“ Alternating-Current Motor for Ele- 


132 


vator Service." A more extended re- 
port of this meeting will be found else- 
where іп this issue. 


PITTSFIELD 

The tenth meeting of the Pittsfield 
Section, for the season of 1010-1011, 
was held in the Y. М. С. A. building 
on March 2, 1911. Mr. L. F. Blume 
gave a talk on '' Three-Phase Vector 
Diagrams." Ву means of the mirror- 
scope, various diagrams were thrown on 
the screen and the principles regarding 
three-phase operation explained. Sev- 
eral problems, such ав delta-delta 
operation, the question of the reversal 
of the middle phase of three-phase shell 
tvpe transformers, and the problem of 
exciting current on three-phase, core- 
type transformers, were taken up and 
their vector analysis demonstrated. An 
interesting discussion by Messrs. Tobey, 
Baum, Weed and others followed Mr. 
Blume's talk. 


On March 16 the members жеге ad- 
dressed by Professor Dugald C. Jack- 
son, of Boston, president of the In- 
stitute, on ' The Organization and 
Purposes of the American Institute of 
Electrical Engineers." Previously to 
the meeting an informal dinner was 
given at the Меп ЛЕ Hotel, at which 
Professor Jackson was the guest of 
honor. 

PoRTLAND, ORE. 
The regular monthly meeting of the 


Portland Section was held іп the 
Electrical Building, Portland, Ore., 
on February 21, 1911. А paper en- 


titled “ Notes on Hydraulic Power De- 
velopment ” was read by Mr. С. Kribs, 
electrical engineer. of the Mt. Hood 
Railway and Power Company. The 
paper gave an outline of the method to 
be pursued in the preliminary outlay 
of a hydroelectric power station. Mr. 
T. W. Sullivan, hydraulic engineer, gave 
a historical review of hydroelectric 
engineering. He also told of his experi- 
ence in the early davs of Oregon and the 
difficulties he met in getting accurate 
data on stream flow. Mr. W. В. 
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Slocum, operating engineer of the Port- 
land Railway, Light and Power Com- 
panv, spoke of some of the features to 
be considered іп the design of a steam 
power plant. Fifty-one members at- 
tended the mecting. 


ST. Louis 

The St. Louts Section held its regular 
mecting in the rooms of the Engincers’ 
Club, St. Louis, on February 8, 1911, 
Mr. S. N. Clarkson, of the Union Elec- 
tric Light and Power Company, pre- 
sented a paper on ''Synchronous Ap- 
paratus for the Correction of Power 
Factor.” 


At a meeting on March 8 the mem- 
bers were addressed by Mr. John F. 
McGlensev, illuminating engineer Юг 
the Union Electric Light and Power 
Company, on “ Illuminating Engincer- 
ing and its Value to the Consulting 
Engineer." The paper was illustrated 
by lantern slides showing the effects 
of different kinds of lighting. Some 
useful information and data were given 
about lighting for different classes of 
work. A portable photometer for de- 
termining the illumination in various 
parts of a room was exhibited. 


SAN FRANCISCO 

The San Francisco Section held its 
regular monthly meeting in the Home 
Telephone Company Building, San 
Francisco, on February 24, 1911. In- 
stead of having one paper, an experi- 
ment was tned by the presentation of 
several short papers all pertaining to 
the same general subject. Тһе sub- 
ject discussed was the application of 
clectric drive to various classes of in- 
dustrial machinery. The program was 
as follows: “ Application of Motors to 
Oil Well Machinery ”, by W. Е. Lamme 
and M. Rhine; '" Test of Electrically 
Operated Gold Dredging ", by S. G. 
Gassaway and В. L. Ettrup; “Тһе 
Electric Truck ", by C. W. Hutton; 
“Electrically Driven Rock Drills”, 
by J. W. White. About 60 members 
were present. 
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SEATTLE 

The regular meeting of the Seattle 
Section was held in the Central Build- 
ing, Seattle, on February 18, 1911, with 
a total attendance of 26 members. A 
paper was presented by Mr. A. E. 
Ransom, on “Induction Motors as 
Applied to Irrigation, Elevators and 
Wood Working Machinery '', treating 
of the various applications in a general 
way, though emphasizing particularly 
that each installation has its special 
features which determine the charac- 
teristics of the apparatus used. Several 
typical installations were described in 
detail. d 


TOLEDO 


At the regular meeting of the Toledo : 


Section held on March 3, 1911, the 
members were addressed Бу Mr. W. E. 
Richards, superintendent of light and 
power of the Toledo Railway and Light 
Company, on “ Underground Distribu- 
tion of Electric Current." Мг. Richards 
first described the conduits of certain 
sections and their mode of arrangement 
and installation, after which he took up 
the multiple duct sections of vitrified 
tile type which have lately been super- 
seded by the fibre conduit embedded 
in concrete. Mr. Richards discussed 
the relative expense of laving these 
conduits, and placing the cables in the 
ducts, also tests conducted to locate 
trouble, especially with reference to the 
cross-connected downtown conduit sys- 
tem of the City of Toledo, which con- 
tains about 120 miles of duct, having a 
maximum load of 35,000 kw. to dis- 
tribute. 


TORONTO 

The members of the Toronto Section 
met at the Engineers’ Club, Toronto, 
on the evening of March 11, for a dis- 
cussion of Мг. W. B. Jackson's piper on 
the ' Advantages of Unified Electric 
Systems Covering Large Territories.” 
Mr. R. G. Black opened the discussion, 
in which the following members par- 
ticipated: W. А. Bucke, J. F. H. 
Wyse, E. M. Ashworth, А. L. Mudge, 
R. F. Park, H. A. Moore, W. B. 


Logan, W. G. Hewson, W. Е. Wright, 
S. B. Hood, and J. G. Jackson. 


WASHINGTON, D. C. 

At the regular meeting of the Wash- 
ington Section, held in the Telephone 
Building, Washington, on February 23, 
Mr. Percy H. Thomas, of New York, 
delivered a lecture before 68 members, 
on “ Some Aspects of Power Transmis- 
sion." Prefacing his lecture with some 
remarks on the responsibilities of the 
enginecr in connection with his relations 
with the capitalist or the investor, Mtr. 
Thomas spoke at considerable length 
on the financial, but more particularly 
on the technical, aspects of high tension 
transmission. А large number of lan- 
tern slides added to the interest of the 
lecture. А discussion followed, par- 
ticipated in by Messrs. Earl Wheeler. 
John H. Finney, John H. Hanna, Louis 
D. Bliss, and others. 

The next regular mecting was held 
on March 14. Two papers were pre- 
sented; one on the subject, '' Hot- 
Wire Electrical Instruments," Бу Mr. 
Н. B. Brooks, and the other on ‘ In- 
strument Transformers ”, Бу Mr. P. б. 
Agnew. Both speakers touched upon the 
early history of their subjects and traced 
the development of the apparatus under 
consideration down to the present time, 
giving clear expositions of the present 
theory and practice in practical measure- 
ment of alternating current. Over 70 
members were present at the meeting, 
and considerable discussion followed 
both papers. 


Past Branch Meetings 
ARKANSAS UNIVERSITY 

This Branch held its regular meeting 
in the engineering hall of the university 
on March 1], 1911. The paper оп 
“ Advantages of Unified. Electric Sys- 
tems Covering Large Territories '', by 
William B. Jackson, published in the 
February PROCEEDINGS, was presented 
by Mr. W. G. Кус. and discussed by 
Professor W. N. Gladson, who enlarged 
on the more interesting features ap- 
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plicable to that section of the country. 
He discussed the feasibility of a cen- 
tralized plant on the White River, where 
by asystem of dams enough power could 
be developed to operate all the mills 
and factories in Arkansas. The prin- 
cipal paper of the evening was on 
“ Recent Developments in Telephony ”, 
by Professor Olney. Іп his paper Pro- 
fessor Olney gave a brief review of a 
paper on “ Telephone Service in Amer- 
ica ", by John J. Carty, dealing with 
the automatic versus manual switch- 
board. Іп reviewing the telephone 
industry for the past five years, Pro- 
fessor Olney showed that the number of 
switchboards and telephones in use has 
more than doubled during that timc. 
The service has bcen greatly improved, 
so that thc average time required at 
present to put through a call on a mod- 
ern system is 8.57 seconds. 


ARMOUR INSTITUTE, CHICAGO, ILL. 

The Armoyr Institute Branch held 
its regular monthly meeting on Feb- 
ruary 16, 1911. The members were 
addressed by Mr. G. C. Emmons, on 
“Frequency Converter Substations.” 
Мг. Emmons spoke of the general work 
of a converter substation and drew 
and explained the wiring diagrams of 
such a station at Evanston, Ш. А dis- 
cussion followed, in which Mr. Kleens, 
of the engineering department of the 
Commonwealth Edison Company, 
called attention to the fact that in 
Chicago and the suburbs, transformer 
stations are taking the place of fre- 
quency converter stations, due to the 
fact that the Commonwealth Edison 
Company has found it an advantage to 
generate at both 25 and 60 cycles and 


transmit it to the distributing center at . 


the current frequency. 


On Thursday evening, March 11, 
Mr. E. Fenger spoke to about 30 mem- 
bers of the Branch, on the subject, 
“Theory апа Engineering in Power 
Plant Testing." Mr. Fenger outlined 
briefly the growth of the importance of 
theory in power plant work as plants 
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increase in size, as transmission dis- 
tances become greater, and the inter- 
connection of systems becomes more 
and more complex. With the large 
size of generating stations and long 
transmission lines it becomes desirable 
to make tests upon all of the electrical 
machinery, to determine the causes of 
trouble and failures and to keep a record 
of them in order that they may serve 
as guides: in writing specifications for 
the purchase of additional equipment, 
also to see that all meters, relays, and 
other instruments are in proper adjust- 
ment. Mr. Fenger described several 
cases to emphasize points he had made. 
As one illustration he showed by actual 
calculation the desirability of having 
small exciting currents in transformers. 
If these currents are large they may 
cause a loss in the generators and con- 
necting lines greater than the no-load 
loss within the transformers. Mr. 
Fenger also gave a mathematical proof 
of a graphical method of finding the 
regulation of transformers which 15 
quite simple but is not extensively 
used in this country. | 


CASE SCHOOL ОҒ APPLIED SCIENCE, 
CLEVELAND, OHIO 

This Branch has held several meetings 
since those of January 9 and 16, re- 
ported in the March PROCEEDINGS. 

On January 23 Messrs. Boyd and 
Benham described the plants of the 
Niagara Power Company апа the 
Ontario Power Company. 

On January 26 Mr. C. E. Denney, 
signal engineer of the Lake Shore and 
Michigan Southern Railroad Company, 
gave a talk on the signal work in con- 
nection with the Lake Shore Railroad. 
Mr. Denney first showed the inter- 
locking switch device, and how it affects 
the movement of trains and controls 
the handling of trathc. The next part 
of the talk covered the performance of 
the block signal system. In conclusion, 
the arrangement, performance and 
care of the electrical апа mechanical 
equipment was discussed. 

On February 9 several short papers 
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were given on ' Heating Appliances ”,a 
subject on which there had been some 
discussion at a previous meeting. Mr. 
Guinther gave an outline of their applica- 
tion for domestic purposes, speaking par- 
ticularly of the electric range. Mr. Ben- 
ham spoke of their industrial applica- 
tion and gave a description of the 
electric iron, the car heater, cook stove, 
clectric furnace and other appliances. 
Mr. Boyd spoke of the efficiency, lasting 
qualities and speed of various electric 
appliances. 


UNIVERSITY OF COLORADO 
A meeting of the University of 
Colorado Branch was held on March 1. 
Dr. Lester, professor of physics, pre- 
sented a paper on “ Atmospheric Elec- 
tricity.” Thirty-eight members were іп 
attendance at the meeting. 


COLORADO STATE AGRICULTURAL 
COLLEGE 

At a meeting of this Branch held on 
March 1, Professor F. A. De Lay deliv- 
ered an illustrated lecture on the plants 
of the Central Colorado Power Com- 
pany. The plant in Boulder Canon, the 
Shoshone plant in Grand Canon, and 
the substation in Denver were shown 
and discussed. 


KANSAS STATE AGRICULTURAL 
COLLEGE 
The Kansas State Agricultural Col- 
lege Branch held its regular meeting on 
March 7. Mr. George Barnard gave 
a review of the Institute paper on 
“ Advantages of Unified Electric Sys- 
tems Covering Large Territories '’, by 
William B. Jackson, appearing in the 
February PROCEEDINGS. The paper was 
discussed by Messrs. N. L. Heard and 
J. H. Bender. Мг. W. L. Bye, erecting 
engineer for the Frick Ice and Re- 
frigerating Machine Company, gave a 
talk on ice machinery. 


KENTUCKY STATE UNIVERSITY 
A meeting of the Kentucky State 
University Branch was held in the me- 
chanical hall on March 7, 1911. Pro- 
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fessor A. M. Wilson presented a paper 
entitled ‘‘ History of the International 
Volt ", in which he pointed out the 
difficulties encountered in the establish- 
ment of these units and the many 
changes they have undergone. At the 
conclusion of Professor Wilson's paper, 
a number of the Institute papers ap- 
pearing in the February PROCEEDINGS 
were abstracted and discussed. Forty- 
nine members were present. 


LEHIGH UNIVERSITY, 
бостн BETHLEHEM, РА. 

The regular mecting of the Lehigh 
University Branch was held in the 
physical laboratory on February 20. 
The first paper of the evening, on 
“ Direct. Current Power Transmission 
at High Voltage ", was presented by 
Mr. J. W. Milnor. This was followed 
by one on “ Railway Car Lighting”, 
by Mr. D. J. Cartwright, electrical 
engineer of the Lehigh Valley Railroad. 
Mr. Cartwright first described the ap- 
paratus used by his road, and then dis- 
cussed the various standard equipments 
in use in this countrv. 

At the invitation. of President and 
Mrs., Drinker, of the university, the 
March meeting of the Branch was held 
in their home on Tuesday evening, 
March 14, at 8 o'clock. "Three papers 
were presented. The first was on the 
“ Moore Tube Light ", by Mr. D. H. 
Hunter. By means of drawings Mr. 
Hunter showed the operation of the 
mechanism of this form of illumination, 
and gave considerable data on notable 
large installations. The second paper 
was read by Mr. G. E. Goepper, on 
“Тіс Life of Lord Kelvin ", and was 
very favorably received. Mr. W. I. 
Nevius gave a paper on “ Electric 
Cranes ". The paper was accompanied 
by large detail drawings, and treated 
the subject quite thoroughly. 


UNIVERSITY OF MAINE 
The University of Maine Branch 
held two meetings on March 7, 1911, 
both of which were addressed by Pro- 
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fessor Harold В. Smith, director of clec- 
trical engineering, Worcester Poly- 
technic Institute. In the morning 
Professor Smith spoke on “ The Electric 
Field of Force." In the afternoon he 
delivered a lecture on “ Economics of 
Engineering." The attendance num- 
bered 103 members and students in the 
morning, and 70 in the afternoon. 

On February 25 the members of the 
Branch made a trip to Ellsworth, 
Maine, to inspect the power plant at 
that place. 


UNIVERSITY OF MICHIGAN 

A meeting of the University of 
Michigan Branch was held on January 
11, 1911, with a total attendance of 
67 members. А paper оп “ Electrical 
Illumination " was read by Professor 
H. H. Higbie. Messrs. Кай Rose, С. 
B. Lewis, C. M. Wardwell and C. P. 
Haynes took part in the discussion. 


The fifth regular meeting of the 
Branch was held on March 1, and was 
one of the most interesting meetings 
held this season. Before an audience 
of over 150 members and students, Mr. 
W. M. Rennie presented a paper on 
“The Electrification of the Detroit 
River Tunnel." A large number of 
lantern slides added greatly to the 
interest of the paper. 


UNIVERSITY OF MISSOURI 

The University of Missouri Branch 
held its regular meeting on February 13, 
1911. Professor A. D. Kellogg presented 
a paper on the “ Relation of Mathe- 
matics to Some Engineering Problems.” 
He stated that he had been impelled to 
speak of the contributions of mathe- 
matics to engineering because а great 
deal of work had been done owing to 
the need when an exact solution of some 
engineering problem was necessary. Іп 
this connection reference was made to 
the development. of geometry in its 
relation to land surveying, and to the 
contributions of several prominent 
mathematicians to the electrical engi- 
necring profession. 
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At the next meeting of the Branch, 
held on Febiuary 27, Mr. J. P. Kobrock 
gave a talk on “Саға Indexing ”’, 
enumerating its many advantages for 
various kinds of records. 


UNIVERSITY OF NEBRASKA 

A special mecting of the University of 
Nebraska Branch was held on February 
6, 1911, and over 300 students and 
members were present to hear a lecture 
by Professor C. A. Skinner, entitled 
'" Phenomena Associated with Electric 
Oscillations іп Experimental Demon- 
strations.”’ 

The election of officers took place at 
the regular mecting held on February 
10. The following were elected: Chair- 
man, Professor G. H. Morse; correspond- 
ing secretary, Professor V. L. Hollister; 
vice-chairman, H. L. White; treasurer, 
G. N. Carter; secretarv, R. A. Brownell. 

out ee ө 

The fifth meeting of the Branch for 
the current year was held on March 9, 
1011. Professor О. У. Р. Stout gave a 
talk on “ Hydraulic Engineering." He 
considered the graphical method of 
computing reservoir capacity. The 
“ mass curve " and other curves serving 
to determine the economic value of 
dams, reservoirs and other hydraulic 
works, were shown to be the tools of the 
expert, the hvdraulic engineer. Methods 
of computation were illustrated bv 
figures and data from the Platte River 
and other western streams. 

Adjunct Professor L. J. Towne pre- 
sented a paper on ‘ Structural Engi- 
neering." He confined his remarks to 
the design and erection of a steel mill 
building. Three methods of designing 
were outlined, as follows: (1) Employ- 
ment of aconsulting engineer. (2) Design 
made һу steel companies’ engineers. 
(3) Design and construction let by con- 
tract to а general contractor. The 
purchase of steel is generally made by 
means of bids from steel manufacturers, 
which are then submitted on the follow- 
ing basis: (а) A lump sum basis; (5) a 
price per pound basis. Emphasis was 
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laid on the necessity of proper details of 
drafting office computations, inspection 
of steel as rolled, and the labeling of 
pieces according to the shop bill. 
Shop processes and the machinery used, 
as well as the methods of erecting, were 
also considered. 


NEW HAMPSHIRE COLLEGE 
The New Hampshire College Branch, 
after several months of inactivity, 
reorganized at a meeting held on March 
2, 1911, 40 members being present. 
Professor C. E. Hewitt gave an outline 
of the work of the Institute, and reasons 
why every engineering student should 
become affiliated with it. Professor 
A. F. Nesbit, assisted by Mr. L. W. 
Hitchcock, performed several experi- 
ments illustrating the principles of vart- 

ous kinds of electrical apparatus. 


PENNSYLVANIA STATE COLLEGE 

The Pennsylvania College Branch 
has held three mectings since those re- 
ported in the March PROCEEDINGS, as 
follows: February 21, February 28, and 
March 7. 

Two papers were presented at the 
meeting of February 21: “ Induction 
Motor Windings ”, Бу Mr. С. Н. Kline, 
and ' Automatic Skip Hoist Control ”, 
by Mr. J. U. Kauffman. 

On February 21 Mr. J. M. Spangler 
gave a talk on '' The Wireless Station 
at the Pennsylvania State College.” 
The following subjects were then prc- 
sented by the question box committee 
and explained: ‘‘ Interpoles іп Aiding 
Commutation ”; '' Transformer Regu- 
lation.” 

The papers presented at the mecting 
of March 7 were: “Тһе Glohe Pho- 
tometer ", by Н. L. Mathers; '' The 
Theory and Operation of the Oscillo- 
graph ", by R. T. Kintzing. 


OHIO STATE UNIVERSITY 
The Ohio State University Branch 
is preparing for an electrical show, and 
a meeting for the discussion of plans 
for the show was held on February 24, 
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1911, with 40 members present. It 
was decided to organize a sort of stock 
company, and sell the stock at $1.00 
per share. А temporary committee was 
appointed to sell the stock and see 
what help could be obtained from the 
merchants of the town. А definite 
organization and plan of procedure are 
to be made at the next mecting. 


OREGON AGRICULTURAL COLLEGE 


This Branch held its regular meeting 
on February 6, 1911. Mr. В. J. 
Anderson reviewed the paper on '' De- 
sign, Construction and Tests of an 
Artificial Transmission Line", by J. 
H. Cunningham, appearing in the 
January PROCEEDINGS. Messrs. C. L. 
Knopf and 5. H. Graf read two papers 
on “ Incandescent Lamps ”, these being 
the fifth and sixth of a series оп the 
general subject of illumination. Мг. 
Knopf gave the history and manufacture 
of various types of lamps, while Mr. 
Graf, with the aid of a lantern, showed 
some of their characteristic curves and 
discussed the peculiarities of each. 


UNIVERSITY OF OREGON 

At a meeting of the University of 
Oregon Branch held on February 28, 
Mr. Louis Е. McCoy described some 
acceptance tests made during the past 
summer on a turbine water wheel at 
the Cazadoro power house. The wheel 
operates under a maximum gross head 
of 133 feet and is direct connected to a 
3,750-kw., 11,000 volt, three-phase gen- 
erator. 


STANFORD UNIVERSITY 

The Stanford University Branch held 
two meetings in February. 

On February 9, Mr. John Koontz, 
who has just returned from Schenec- 
tady, gave a talk on the student ap- 
prenticeship course offered by the Gen- 
eral Electric Company. 

Оп February 23, Mr. C. М. Le Count 
read a paper on tel-harmonics and the 
dvnamo-phone. 
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SYRACUSE UNIVERSITY 

The regular monthly meeting of the 
Syracuse University Branch was held 
in the College of Applied Science, 
Syracuse, on February 23, 1911, Dr. 
W. P. Graham presiding. 

Mr. Morse O. Dellplain, power engi- 
neer of the Syracuse Lighting Com- 
pany, gave an address on '' Central 
Station Power Engineering." He 
pointed out that a power engineer to be 
successful must command the confi- 
dence of power users and be well vcrsed 
in the technical side of his profession. 
In commenting on the “ over-powering”’ 
of factories, Mr. Dellplain mentioned 
a case where the connected horse-power 
was reduced from 1,300 to 550, with a 
saving for both the consumer and the 
power company, the latter being able 
to sell the surplus power and to operate 
at a better load factor. Numerous in- 
stances of indirect savings due to the 
installation of electric drive were 
quoted. In one case, 16 automatic 
machines were able to do the work 
previously done by 24. Мг. Dellplain 
also outlined the training a student 
should have to fit himself for power 
enginecring. А discussion followed the 
address. 


UNIVERSITY OF TEXAS 

The regular meeting of this Branch 
was held in the engineering building 
of the university on February 24, 1911. 
A paper on ''Internal Combustion 
Engines " was read by Mr. T. R. Cole. 
This was followed by a review of the 
Institute paper on '' Headlight Tests ”, 
published in the PROCEEDINGS Юг 
July, 1910. 


UNIVERSITY OF VERMONT 

The University of Vermont Branch 
held its second meeting on March 16, 
1911. Мг. М. М. Baker, of the Engi- 
neering News, delivered an address on 
“The City and the Engineer." Mr. 
Baker after speaking briefly of the 
various opportunities open to the engi- 
neer in a large city, discussed at length 
the fields open to the engineer as a city 
health officer. 


WORCESTER POLYTECHNIC INSTITUTE 

At the regular meeting held on Feb- 
ruary 10, 1911, Mr. Aldus C. Higgins, 
manager of the abrasives department of 


-the Norton Company, delivered an 


illustrated lecture before 150 members 
of the Worcester Polytechnic Institute 
Branch, on the subject, “Тһе Manu- 
facture of Modern Abrasives in the 
Electric Furnace." Besides giving an 
outline of the electro-thermal and as- 
sociated mechanical features of the 
process, Mr. Higgins showed views cf 
the bauxite mines in Georgia, Arkansas, 
Canada, and France, where the prin- 
cipal deposits of the mineral have been 
discovered. It is from Baux, near 
which place the most extensively worked 
mines in the world are situated, that 
the material received its name. Here it 
is possible to deliver the material at 
the cars at from one third to one half of 
what it can be done for in America. 
The history of alundum was traced. 
A chemist in Ampere, М. J., іп experi- 
menting with the electric furnace 
and bauxite produced a slag having 
exceptional abrasive qualities. Soon 
after this a small furnace for the pro- 
duction of alundum was erected near 
a water power in Rumford Falls, Maine, 
and from here the work was taken up 
at Niagara Falls, where the furnaces 
are now situated. Mr. Higgins ex- 
hibited specimens of materials and pro- 
ducts which he later gave as souvenirs 
to his audience. 


On February 24 the members of the 
Branch were addressed by Mr. Joseph 
W. Rogers, electrical supervisor of the 
West Jersey and Seashore Railroad 
Company, on “Тһе Electrification 
of a Steam Railway ". Mr. Rogers 
described the company's power houses, 
substations, and track; going into the 
details of third-rail protection, sig- 
naling, and organization of employes. 
He produced tables and curves of 
actual costs, and-thus showed that the 
cost of operation by electricity is 
considerably less than the cost of 
operation by steam. 
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Personal 


Mr. RALPH BENNETT has been ad- 
vanced to the position of chief engineer 
of the Great Western Power Company, 
San Francisco, Cal. 


MR. F. P. CarcüuiNocs, formerly with 
the North Georgia Electric Company, 
has been appointed manager of the 
Georgia Power Company, with head- 
quarters at Atlanta, Ga. 


MR. С. E. FREEMAN has left the 
Arnold Company of Chicago and is now 
associated with the W. H. Rosecrans 
Engineering Company, Stock Exchange 
Building, Chicago, as treasurer and 
consulting engineer. 


Мк. 5. G. GAssaway has resigned as 
assistant to the Pacific coast engineer 
of the General Electric Company to 
enter the employ of the Kern River 
Oilfields of California, Ltd., with head- 
quarters at Bakersfield, Cal. 


Mr. Lovis К. ABEL is at present 
acting as resident engineer in entire 
charge of construction for the Water 
Power Electric Company, of Hickory, 
N. C., for the proposed water power 
development on the Catawba River, 
three and a half miles from Hickory. 


Mr. ERNEST W. Boyce has been 
appointed general manager of the New 
York Incandescent Lamp Company, 
134 West 14th Strect, New York City, 
manufacturers of all classes of carbon 
filament efectric lamps and standard 
tungsten lamps. Тһе change was made 
on February 1. 


Mr. WILLIAM W. MILLER, of New- 
port News, Va., has been promoted from 
the grade of assistant expert electrical 
aid, office of superintending constructor 
for U. S. Navy, Newport News Ship- 
building and Dry Dock Company, to the 
grade of electrical expert aid in the same 
Office: ` | 


PERSONAL 
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Mr. G. H. HOPPIN, who was assistant 
electrical foreman for the Washington 
Water Power Company during the con- 
struction of the new plant at Little 
Falls, was recently transferred to the 
light and power department at the com- 
pany’s main office in Spokane, Wash. 


Mr. JAMES К. BinBiNs, who for the 
past two years has been associated with 
Mr. Bion J. Arnold in appraisal and 
reports upon public utility properties in 
Pittsburg was recently transferred from 
there to Providence to carry out the field 
work for an investigation there similar to 
that in Pittsburg. 


Mr. FRANK K. SHUFF has resigned 
from the Iowa State College, as assistant 
superintendent of fires, lights and in- 
cidentals, to become superintendent of 
the Boone Electric Light and Street 
Railway and allied interests. Personal 
mail should be addressed to 509 Craw- 
ford Street, Boone, Iowa. 


Mr. HERMANN J. STROBEL has left 
the New York Central and Hudson 
River Ratlroad Company to accept a 
position with the Stone and Webster 
Engineering Corporation of Boston, 
Mass. Mr. Strobel will be assistant to 
the electrical engineer, in charge of the 
construction of the new generating and 
substation for the Boston Elevated 
Company. 

MR. CHARLES F. Gray, for nearly 
five years superintendent of construc- 
tion for the Canadian Westinghouse 
Company at Hamilton, Ontario, has 
been transferred to the company’s 
office at Winnipeg as chief engineer of 
the construction staff, with headquart- 
ers in the Westinghouse’ Building, 
Winnipeg, Man. | 


MR. СЕси, J. BARKER, after spending 
two years іп Peru and three years on the 
Panama Canal, has returned to the 
United States to become а member of 
the A. Hughes Construction Company, 
of Denver, Colo. Mr. Barker has at 
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present charge of the company’s con- 
tract construction work at the Mason 
Valley Smelter, Wabuska, Nevada. 


Obituary 


CHARLES WALLACE Нсхт, for many 
years a mechanical engineer of eminence 
and a recognized leader in every move- 
ment for the advancement of the engi- 
neering profession died at his home on 
Grymes Hill, Staten Island, New York 
City, on March 27, after a brief illness. 
Mr. Hunt was born at Candor, №. Y., 
October 13, 1841, and was clected an 
Associate of the American Institute 
of Electrical Engineers, April 25, 1902. 
He was elected president of the Ameri- 
сап Society of Mechanical Engineers 
in 1898, and ably represented that 
society in various committees, espec- 
ially upon the joint building committee 
which carried through the planning 
and erection of the Engineers’ Building, 
a work in which he always evinced 
the deepest interest. At the time of 
his death he had just entered upon his 
third term as trustee of the United 
Engineering Society. As an inventor, 
an engineer, a manager, and a citizen, 
he was a man of the highest type, 
grasping intelligently all details of 
every project with which he might be 
identified. It would be impossible to 
estimate the economies effected in thc 
conveyance and distribution of fuel 
and various materials through the 
efficiency of machinery and systems, 
the product of his fertile mind and 
engineering skill. Staten Island had 
not only been his home for 40 years, 
but also the site of his works, located at 
West New Brighton which had their 
humble beginning in 1871. His ac- 
tivities, however, were world-wide, and 
not only coal and ore-handling machin- 


сгу, but  wharves, docks, storage 
warehouses, power stations, rail- 
ways, cranes, etc. will exist for 


years as records of his ability in con- 
structive engineering. His extensive 
practical experience was supplemented 
by keen and intelligent commercial 
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sagacity, tempered with conservatism, 
the result being а progressive yet 
prudent man whose life was a success in 
the best sense of the word. Mr. Hunt 
was twice married, and is survived by 
his wife, two sons and two daughters. 


Joser WETZLER, who was for 
many years prominently identified with 
electrical journalism іп New York 
died in London on February 22, from 
heart failure. Mr. Wetzler was born 
at Hoboken December 6, 1863, and 
was of Austro-German extraction. He 
was a charter member of the Institute, 
and was transferred to the grade of 
Member December 9, 1884. His father 
was a pioneer in the leather industry 
іп New York Сиу. Mr. Wetzler 
graduated from the Stevens Institute 
of Technology in 1882 at the early age 
of 19 and entered the employ of M. 
Hubbe. In 1883 he was employed at 
the Weston Works of the United States 
Electric Light Company, where he 
spent a year, after which he began his 
journalistic career with the Scientific 
American іп 1584. His work on the 
Scientific American included some in- 
teresting descriptions of the magnetic 
conditions of steel buildings on Man- 
hattan Island, and on the polarity of 
the Brooklyn Bridge. This work led 
the management of the Electrical World, 
which had started the previous vear, to 
offer him a position as assistant editor. 
His connection with the Electrical World 
extended from 1885 to 1890 at which 
time he became one of the editors of the 
Electrical Engineer, which was at that 
time changed from a monthly to a 
weekly publication. His “onnection 
with the Electrical Engineer extended 
up to 1899, at which time this paper was 
merged with the Electrical World. 
He then retired from active journalism 
and devoted his entire time to the 
Electrical Engineer Institute of Cor- 
respondence Instruction which һе 
founded in 1898. The large number of 
students enrolled from Great Britain 
and Europe lead Mr. Wetzler to open 
an office for his correspondence school 
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in London and һе has lived in that citv 
ever since establishing his office there, 
in spite of many flattering invitations 
to return to America. On October 
30, 1895, he was married to Miss Paul- 
ine Gerson, who with one daughter, 
survives him. Mr. Wetzler was a 
voluminous writer; he was а joint 
author of the '' Electric Motor and its 
Applications", апа assisted Dr. 
Houston in the preparation of the 
'" Electrical Dictionary ". He edited 
the electrical sections of Appleton's 
Encyclopedia of Applied Mechanics, 
and contributed the articles оп Elec- 
tric railwavs іп Scribner's Magazine 
which were subsequently put into book 
form. He did à large amount of trans- 
lating, revising and compiling of various 
hand-books, for which work his knowl- 
edge of several foreign languages par- 
ticularly adapted him. Не was elected 
a Manager of the American Institute of 
Electrical Engineers for the term 1887— 
90, а Vice-president from 1890-2 and 
was a delegate to the Paris Electrical 
Congress of 1839. He was also anex- 
President of the New York Electrical 


Society, a member of the London In- 


stitution of Electrical Engineers, the 
Vienna Electrotechnicher Verein, the 


American Association for the Ad- 
vancement of Science, the Electro- 
chemical Society and the Reform 


Club of New York. He belonged to 
the Masonic Order and was also actively 
engaged in the development of the 
Hebrew Technical Institute of New 
York, 


балана ык SSS cg 
Library Accessions 
The following accessions have been 
made to the Library of the Institute 
since the last acknowledgment. 


Current Railway Problems. By 5. О. 
Dunn. Хор. Railway Age Gazette, 


1911. (Gift of publishers.) 

Electric Trains. Bv H. M. Hobart. 
New York, Van Nostrand Co., 
1010.  (Purchase.) 
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Hydroelectric Plants, Design and Con- 


struction. Ву R. С. Beardsley, 
New York, McGraw Publishing 
Co., 1907. (Purchase.) 


Illumination and Photometry. Ву W. 
E. Wickenden. New York, Mc- 
Graw-Hill Book Co., 1910. (Pur- 
chase.) 

Kennelly, А. E. Reprints of papers. 
Vols. 4 and 5, 1907-10. N.p. n.d. 
(Gift of A. E. Kennellv.) 


Kungl. Trollhätte Kanal och Vatten- 
verks Högspänningslinier Konstruk- 
tion och Utförande. Ву О. T. 
Holmgren. Stockholm, 1910. (Gift 
of auther.) 


Michigan Electric Association. Pro- 
ccedings. 1910. Port Huron, 1910. 
(Gift of Michigan Electric Associa- 
tion.) 


New York State Water Supply Com- 
mission. Annual Report 6th. 
Albany, 1911. (Gift of New York 
State Water Supply Commission.) 


Pittsburgh Transportation Problem, 
Report on. By B. J. Arnold. Pitts- 
burgh, 1910. (Gift of author.) 


Public Service. Vols. 1-9, 1906-10. 
Chicago, 1906-10. (Purchase.) 


Recommendations and General Plans 
for a Comprehensive Passenger 
Subway System for the City of 
Chicago. By B. J. Arnold. Jan. 
1911, Chicago, 1911. (Gift of 
author.) 


Routing Diagram as а Basis for Laving 
Out Industrial Plants. Ву Chas. 
Dav. (Reprinted from Engineering 
Magazine, 1010.) N.p. 1910 (Gift 
of Dodge, Day & Zimmermann.) 


Proceed- 
Rugbv, 


Rugby Engineering Society. 
Vol. VII, 1909-10. 
(Exchange.) 


ings. 
N.d. 

Trollhatte Kraftverk och dess Fordel- 
ningsnat. Oct. 1919. М.р. nd. 
(Donor unknown.) 
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OFFICERS AND BOARD OF DIRECTORS, 1910-1911. 


PRESIDENT. 


(Term expires July 31, 1911.) 
DUGALD C. JACKSON. 


JUNIOR PAST-PRESIDENTS. 


LOUIS A. FERGUSON. 


(Term expires July 31, 1911.) 


JOHN J. CARTY. 
PAUL M. LINCOLN. 
PAUL SPENCER. 


VICE-PRESIDENTS. 
(Term expires July 31, 1912.) 


LEWIS B. STILLWELL 


MORGAN BROOKS. 
HAROLD W. BUCK. 
PERCY H. THOMAS. 


(Term expires July 31, 1911.) (Term expires July 31, 1912.) (Term expires July 31, 1913.) 
DAVID B. RUSHMORE. A. W. BERRESFORD. H. H. BARNES, JR. 
W. G. CARLTON. WILLIAM S. MURRAY. R. G. BLACK. 
CHARLES W. STONE. HENRY H. NORRIS. W. S. RUGG. 

H. E. CLIFFORD. SEVERN D. SPRONG. C. E. SCRIBNER. 


TREASURER. (Term expires July 31, 1911.) SECRETARY. 


GEORGE A. HAMILTON. 


RALPH W. POPE. 


Мотв:-Тһе Institute Constitution provides that the above named twenty-three officers shall 


constitute the Board of Directors. 


p——————————————————————— n ÁÁáÁÁ—Ó(EADAÓEAÓ: 


PAST-PRESIDENTS.— 1884-1910. 


*NORVIN GREEN, 1884-5-6. 
ФРКАМКІЛМ L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 


ALEXANDER GRAHAM BELL, 1891-2. 


FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKBR, 1897-8. 
*Deceased. 


ASSISTANT SECRETARY. 
FREDERICK L. HUTCHINSON, 


33 West 39th Street, New York. 


A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-3. 
CHARLES F. 5СОТТ, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, Jr., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY GORDON STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS BUCKLEY STILLWELL 
1909-10 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York 


LOCAL HONORARY SECRETARIES. 


JAMES $. FITZMAURICE, 


210 George St., Sydney, М. 5, W. 


H. F. PARSHALL, 


Salisbury House, London Wall, E. C., London. 
L. A. HERDT, McGill University, Montreal, Que. 


ROBERT J. SCOTT, 


W. С. T. GOODMAN, 


Adelaide, South Australia. 


Christ Church, New Zealand. 


HENRY GRAFTIO, St. Petersburg, Russia. 
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STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
DUGALD C. JACKSON, Chairman, 


84 State St., Boston, Mass. 


JOHN J. CARTY, New York. 

GEORGE A. HAMILTON, Elizabeth, N. J. 
RALPH W. POPE, New York. 

PAUL SPENCER, Philadelphia, Pa. 
LEWIS B. STILLWELL, New York. 
CHARLES W. STONE, Schenectady, N. Y. 


FINANCE COMMITTEE. 
A. W. BERRESFORD, Chairman, 


Milwaukee, Wis. 


S. D. SPRONG, New York. 
PERCY H. THOMAS, New York. 


LIBRARY COMMITTEE. 
SAMUEL SHELDON, Chairman, 
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A POWER DIAGRAM INDICATOR FOR HIGH-TENSION 
CIRCUITS 


BY HARRIS J. RYAN 


INTRODUCTION AND SUMMARY 


The power diagram indicator was produced as a feasible, in- 
_ expensive instrument to observe dielectric or similar stray power 

losses that occur іп high-tension circuits.! A cathode ray- 
pointer is used to trace the power diagram. It is actuated 
electrostatically. The pressure of the high-tension circuit 
applied to ‘‘ quadrants ” causes a proportional displacement of 
the ray-pointer in one axis; the pressure drop between the 
terminals of a condenser in series with the high-tension circuit 
is applied to the other pair of quadrants and gives the ray- 
pointer a quadrature velocity proportional to the current. The 
ray-pointer is thus made to trace a diagram that encloses an 
area proportional to the e.m.f.-current-time product.? Alter- 
nating current will produce a closed diagram or '' сага” having 
an area which is proportional to the energy of the circuit deliv- 
ered per cycle. At constant frequency, therefore, the card-area 
measures the power applied in the circuit. The form of the 
card tells of many things besides the amount of power just as the 
steam engine indicator card does in steam engineering. 

The pressure and current ranges of the instrument are con- 
trolled by values of the capacities of the condensers employed. 
The capacities of the operating condensers may be varied in- 
definitely so that the working range of the instrument may be 


1. The instrument may also be employed as a dielectric hysteresis 
diagram indicator as discussed under Theory. | 


2. For those who prefer it a mathematical demonstration of this rela- 
tion has been given under Theory. 


NoTE.— This paper is to be presented at the Pacific Coast meeting 
of the A.I.E.E., Los Angeles, Cal., April 25-28, 1911. Notice of oral 
discussion or any written discussion should be mailed to reach the Chair- 
man of the Los Angeles Section, J. E. McDonald, on or before date of 
meeting. Written contributions received within 30 days thereafter 
will be treated as if presented at the meeting. 


511 


512 RYAN: POWER DIAGRAM INDICATOR [April 25 


varied also indefinitely. . The instrument was used to measure 
the diclectric loss that occurred in a one-quart (0.946-liter) 
sample of insulating oil, caused by moisture or other impurities. 
The values encountered were 0.03 watt at 9,000 volts. See 
Fig. 9. This is the smallest high-tension power measured in 
the trying out tests. The highest power measured was a corona 
loss of 750 watts that occurred at 130,000 root-mean-square 
approximate sine-wave volts on а high-tension laboratory line. 
See Fig. 7. 

The integrity of the instrument depends upon the quality of 
the condensers employed. If the condensers are good the indica- 
tions of the instrument may be relied upon fully. The accuracy 
of the instrument depends upon two things: 

1. The uniformity of the electrostatic fields set up by the de- 
flecting quadrants. 

2. The variation in the potential delivered by the electro- 
static machine that is used to produce the ray-pointer. This 
causes a slight corresponding variation in the deflection of the 
ray-pointer. 

In regard to both these causes of error it may be said that 
where but little care has been used in mounting and adjusting 
the quadrants and in opcrating the electrostatic machine the 
errors remain within 5 per cent. An accuracy that is sufficient 
for this class of work is, therefore, casily attained. 

The indicator is conveniently calibrated by loading the test 
circuit for a known amount of power or by computing its scalar 
constant from its inherent constant obtained at low pressure and 
the capacities of the condensers employed. 

The instrument has been found satisfactory for the study of 
high-tension insulation and insulators, diclectric losses in high- 
tension transformers, insulating qualities of transformer oils 
as affected by moisture, suspended impurities, etc., losses into 
the atmosphere from high tension lines, etc. 

The principles of construction and operation, source and cost 
of this instrument are given under Structural Details. It is 
comparatively inexpensive, and an ordinarily capable person 
should have no difficulty in operating it to his entire satisfaction. 

In closing, mention 1s made of the corresponding type of power 
diagram indicator operated magnetically using inductance in 
lieu of capacity control. Such an instrument is satisfactory 
only when operated on low-tension circuits. Because there are 
abundant facilities for work of all sorts on low-tension circuits, 
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the magnetic form of this instrument is, at present, of compara- 
tively little importance. Тһе ray-pointer тау also be operated 
by a combination of static and magnetic action from which 
additional forms of power indicator are made possible. 


THEORY 


In Fig. 1, u is a pointer that traces the diagram x y x y x. In 
so doing its motion is made up of two rectangular components 
determined by the following relation referred to o, the pointer's 
normal zero position: 

The vertical displacement of the pointer, y, 1s proportional 
to the instantaneous value or the e.m.f., e, in a given alternating 
current circuit. Ву calibra- 
tion these become cqual. 

The horizontal velocity of 
the pointer d x/d t is propor- 
tional to the corresponding 
instantaneous current, $. Ву 
calibration these also become 
equal. Thus 


|х 


2 = у 
ах 
t = ——; Ах = 1441 
Fic. 1 dt 
And erdt = dw = energy increment 


Substituting ydx = а А = area increment 


Therefore e 
Integrating fa A 2. 10 
Wherefore = W, e. area = energy. 


It follows that at constant frequency the areas in these cards by 
calibration equal the electric powers that produced them. 

Cathode rays actuated electrostatically by means of four 
quadrants are employed for the ray-pointer. Sec Figs. 2 and 18. 
Between two opposing quadrants an electric field is established 
by the application of the e.m.f. impressed upon the testing cir- 
cuit. Thus a displacement of the ray-pointer is produced, 
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proportional to the applied e.m.f. The remaining quadrants 
are connected to the terminals of a condenser in series with the 
testing circuit. By this means the ray-pointer is placed in the 
presence of a quadrature electric field that is due to the pressure 
drop produced in the condenser by the testing circuit current. 
The rate of change of such pressure drop, and therefore of the 
electric field, is proportional to the current and the ray-pointer 
is thereby given a quadrature velocity that is proportional to the 
current. An instrument thus arranged and operated behaves 
in accordance with the above theory. 

Theory for the Dielectric Hysteresis Diagram Indicator. When 
the specimen is a dielectric through which the test pressure 
sets up current only by condensance, the clectric field established 
between the velocity quadrants is a true replica of the field in 
the dielectric. It is then that the ray-pointer is displaced pro- 
portionally in one direction by the impressed e.m.f. and in the 
quadrature direction by the electric field of the test specimen. 
The resulting diagram when produced with alternating e.m.f. 
gives the relation throughout the cycle between electric force and 
electric field. If the field lags behind the force, dielectric hy- 
steresis 15 present. The diagram will develop this relation at 
every phase of thecycle. It will enclose an area that is a measure 
of the hysteresis. Thé above theory continues to apply because 
no change in the operation of the instrument has been made. 
The arca of the card, is therefore, proportional to the energy 
lost through dielectric hysteresis per cycle and to the correspond- 
ing power lost at constant frequency. "The application specified 
under Methods, Fig. 8, 1s an example of the way іп which the 
instrument may be used to secure dielectric hysteresis cards. 
. Manifestly if conductance is present the card will include the 
form and area due to a combination of both losses. А corres- 
ponding difficulty arises in the use of a magnetic hysteresis 
diagram tracer. 

METHODS 

The cathode ray-pointer 15 made up of electrons discharged 
from the cathode at a negative potential around 10,000 volts. 
The potential, however, of the speeding electrons 1s zero having 
been lost by acquiring а “© velocity due to (electric) head ” 
just as 1s the case with a water Jet in hydraulics. It follows that 
for best results the middle values of the displacement and 
velocity pressures applied to the instrument quadrants and the 
cathode ray-pointer should all have a common “ zero potential ”. 


— — PM 
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It is best, therefore, to cover the electrostatic machine, used to 
produce the cathode ray-pointer, with a wire net and to ground 
such net and the positive terminal of the machine; and to divide 
the velocity condenser into two parts, connected in series at the 
center of the source or at the center of the test circuit, with the 
connection between the condenser parts also grounded. This 
will balance the behavior of the ray-pointer in the presence of 
the four quadrants. Obviously a source which through acci- 
dental grounding, faulty insulation, etc., presents an e.m.f. that 
is unbalanced with respect to earth potential and is not so con- 
venient. In such case it is necessary that the mid-potentials 
of the displacement and velocity pressures and the potential 


TESTING CIRCUIT 


5 s" | 
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of the ray-pointer have a common value. The exact details 
to accomplish this depend upon the particular circumstances 
and must be left to the intelligence of the experimenter. Fig. 2 
gives the connections when the velocity condensers are con- 
nected at the middle of the source and Fig. 3, when connected 
at the middle of the testing circuit. 

The e.m.f. that will deflect the ray-pointer over the maximum 
range depends upon the dimensions adopted and the manner of 
mounting the quadrants. It can be made as low as 200 volts, 
maximum. It is 900 volts, maximum, in the instrument that 
was used for the trying-out work referred to herein. See Fig. 18. 
As the instrument is suited primarily for high-tension work it 
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follows that a pressure range multiplicr must generally be used. 
Some form of condenser-type multiplier is best for this purpose. 

Fig. 2 is repeated in Fig. 4 and the pressure multiplying con- 
denser, Ca! Са" Са" Cg", has been added. This is called the 
displacement condenser as used in the trying-out experiments. 
A photograph of this condenser is reproduced in Fig. 5. It is 
an air-dielectric condenser. The electrodes, Сл and Ca", 
were made, each of four 7-ft. by 5-in. (2.133-m. by 12.7-cm.) 
cylinders of galvanized sheet iron, clectrically connected. 
To form the spherical ends of the cylinders, float balls were 
used, such as are employed in household plumbing. Between 
these electrodes the source-pressure establishes an electric ficld. 
Midway between them is mounted a ground plate оо, and on 
either side two ficld tapping 
plates, Са" Са", which are 
connected to the displace- 
ment quadrants, Qs! Оз". In 
this way ап exact replica 
miniature of the large electric 
field is produced between the 
quadrants, О» Qs", that will 
displace the ray-pointer in 
accurate proportion to the 
total source of pressure. The 
cylinder-electrodes are swung 
from a frame by insulating 
cords and by means of pulley Е 
tackle one may conveniently Fic. 4 
adjust the positions of the 
cylinders from the floor so that they will be near to or far 
from the tapping plates, Сай Си". Insulating cords suspend 
the tapping plates on either side of the ground plate, o o, 
in such a manner as to draw them together. Hard rubber 
sct screws are used to determine their separation from the 
ground plate as shown 1n the photograph. In this way the 
maximum pressure range of the instrument is quickly adjusted 
from 900 to 250,000 volts. 

When the velocity condensers are connected at the center of 
the source, see Fig. 4, and the testing circuit 1s open, the instru- 
ment will indicate no power, provided there is no dielectric loss 
in the transformer, displacement condenser and their connec- 
tions. It will indicate the vector-sum of the combined charging 
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CIRCUIT 
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current of the high-tension circuit of the transformer and the 
displacement condenser at the delivered e.m.f. It will indicate 
each of these, t.e., by the velocity or displacement of the ray- 
pointer, according as one or the other is short-circuited out. 
The air-dielectric pressure condenser is easily insulated so that 
it will display no dielectric loss. Good transformer oil, free of 
water, which will break down at 50,000 volts between half-inch 
(12.7-mm.) spheres separated one-tenth inch (2.54 mm.) caused 
the 120,000-volt transformer outfit employed in this work to 
operate at full pressure without appreciable dielectric loss. 
When, however, there is present a dielectric loss in the source 


Fic. 5 


transformer it must be observed when the testing circuit is cut 
out at each particular voltage and a corresponding correction 
must be made. 

The method wherein the velocity condensers are connected 
to the center of the source is preferred, especially where it is not 
practicable to make the corresponding connection at the middle 
of the testing circuit. The measurement of the power lost in 
corona about a high-tension transmission line is an example of 
this sort. The nest of power cards given in Fig. 6 was obtained 
through an early trial of this method. The test specimen was 
the atmosphere surrounding a laboratory line with the following 
specifications: diameter of conductor 0.085 in. (2.159 mm.), 
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interaxial distance 12.5 in. (31.75 cm.) length 130 ft. (39.624 m.). 
Card I has no area; it was taken at 44,000 root-mean-square 
approximate sine-wave volts, just before the atmosphere about 
the line broke and just below the pressure at which the card 
began to open out with an area. Card 11 was formed at 53,400 
volts and card ITI at 64,000 volts. Тһе cards in Fig. 7 were also 
obtained by this method. Іп this case card 111 was made at 
128,000 root-mean-square approximate sine-wave volts, by the 
atmosphere loss about a laboratory line having the following 
specifications: conductor 5/16 in. (7.938 mm.) diameter, seven- 
strand, tinned, steel guy cable; interaxial distance 36 in. (91.44 
cm.), length 128 ft. (39.014 m.). Cards Г and 11 were formed 
by known loads applied in the testing circuit for calibrating 
purposes. Card I was made by 
the core loss of a 60,000-volt 
transformer applied on the high- 
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tension side; Card ІТ, the same plus load of seven 16-c.p., 
carbon filament “ calibrated " incandescent lamps connected 
to the low-pressure secondary of the loading transformer and 
arranged so as to operate at about normal candlepower. The 
results herein obtained are given in the following table: 


Areas of | | Calibrating Watts | Watts Observed 


| 
original In | loads per sq. рег sq. | corona 
cards sq. in in. b cm. by loss in 
in sq. in. cm. | watts calibration calibration watts 
| | E gr CS 
| 
I 0.35 2.26 ! 716 2050 | 317.88 — 
II 0.546 | 3.52 | 1136 2080 | 322.22 | ---- 
III | 0.36 | 2.32 --- — | --- 750 


|| С 
Dinitizvad hy & we PC P 
Digitized by NI 7< 7 
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The formation of an area in the power diagram began at 
112,000 volts corresponding with the start of the “ позе ” 
and a few per cent under the pressure that started the visible 
corona. 

Where the specimens under test take a small charging current 
and the dielectric losses are comparatively small it is best to 
arrange them in a testing circuit so that the velocity condensers 
can be used at the potential middle of such circuit rather than 
at the middle of the source-transformer. In this way the pres- 
ence in the velocity condensers of the transformer and displace- 
ment condenser charging currents is avoided, making the in- 
dicator solely responsive to the dielectric properties of the 


Seu. VELOCITY CONDENSERS ae 


Fic. 8 


specimens. The application of this method is perhaps best 
illustrated in the arrangement adopted for testing transformer 
insulating oils, shown diagramatically in Fig. 8. The specimen 
of oil is divided and placed in a duplicate pair of tinned pans. 
The pans are mounted over a metal ground plate, O’ О’, and 
separated therefrom by an air-dielectric space sufficient to 
form the velocity condensers as shown in the illustration. Bits 
of new empire cloth, thin sheets of hard rubber, etc., do very 
well to support the oil pans and to form the condenser gap. 
The radius of curvature of the edges of all metal parts must 
be large enough so as to be far within the corona formation 
limit in either the air or the oil. To try out this method a 
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specimen was selected from a supply of oil that had been ex- 
posed to the atmosphere in the laboratory and which had plenty 
of opportunity, therefore, to absorb moisture. On test at 
9000 root-mean-square approximately sine-wave volts, by this 
method, card J, in Fig. 9, was obtained. The arca of the card 
corresponds to about .03 watts. The oil was then taken from 
the pans, tested with lime to remove the water and after filtering 
was replaced in the pans and the test repeated. At 9000 volts 
the pressure that gave card J in the first test now gave the right 
line, 77, showing no arca and, therefore, по loss in the oil. The 
pressure was raised to 13,000 volts and the right line, no-area 
card increased from the limits, JJ 11, to III III, showing that 
the dehydrating and filtering had made a vast improvement 
in the dielectric quality of the oil. The shape of card Г tells 
an interesting story regarding the characteristic conductivity 
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Fic. 9.-1--Агса, measures 0.03 watt at 9000 volts 


of the oil introduced by the impurities present, mainly water. 

Those who are particularly interested in these matters will 
be amply paid for their time and effort spent in making their 
own comparative studics of the cards in this and the two pre- 
ceding illustrations. 

One other experiment was made to trv out this method 
wherein the velocity condensers are connected at the middle of 
the testing circuit. The purpose of the experiment, in addition 
to trying out the method, was to determine whether soot on 
a wire would constitute the “ dirt " and that is said to lower 
the e.m.f. at which corona loss begins. 

Two steel wires, И” W”, Fig. 10, were mounted each at the 
axis of a 10-ft. (3.048 m.) length of ordinary 6-in. (15-24-cm.) stove 
pipe placed over a common ground plate. The relative positions 
of the pipe and ground prate were quickly adjusted so that the 
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velocity condensers thus formed had the requisite capacities 
to produce a desirable current-velocity ray-pointer deflecting 
range. The source pressure was put up until the double line 
on the indicator screen parted to form an area thus indicating 
the fact that a zone of atmosphere about the piano wires had 
broken down causing а loss in power. After noting the source 
pressure that did this to be 22,000 root-mean-square, approximate 
sine-wave volts, it was turned off. А lighted candle was then 
attached to a suitable carrier made of soft copper wire, hooked 
to the piano wire and adjusted so that the flame would smoke 
it. By means of a string attached to the carrier the candle was 
made to pass under and smoke the whole length of each wire. 
Pressure was again applied to the wires and increased to the 


=G 


Fic. 10 


point where the indicator showed the start of a loss card, — 
this pressure was observed to be 24,000 volts. The increase was 
evidently due to the appreciable increase in the diameter of 
the conductor produced by the covering of finely divided con- 
ducting carbon. It was the first, experiment in which this 
method was tried out and determined that soot is not the kind 
of “ dirt " on a conductor that will lower the value of the c.m.f. 
at which corona is first formed. 

At times it may be necessary in order to use the indicator 
to connect it on one side of the circuit in the same corresponding 
manner that a wattmeter is ordinarily connected. This can 
be done provided: 

1. The indicator will produce true cards when the displace- 
ment and velocity quadrant potentials are entirely above or 
below the zero potential of the ray-pointer. 
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2. The conditions are so adjusted that the “ ground " of 
the indicator with its electrostatic machine and the connections 
of the displacement and velocity condensers on the low-poten- 
tial side of the line are at the same potential. 

The first proviso was tried out at low pressure with the con- 
nections shown in Fig. 11. "The source pressure, e, was applied 
to the quadrants, Q’ О” ; the terminals of the velocity condenser 
C, were connected to the remaining quadrants, О, Q,''; R was 
the loading resistance and J the instrument for reading the 
current. The power applied іп this testing circuit was, there- 
fore, PR. 

Two cards were obtained, one at a given value of current 
I, and another at double that value or four times the power, 
з.е. 4Г В. These cards are reproduced in Fig. 12. The areas 
of the originals measured 0.067 sq. in. (43.21 sq. mm.) and 
0.282 sq. in. (181.93 5а. mm.), respectively. Тһе ratios of 
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these areas 15 4.21 to check with 4 which is а better behavior 
than was anticipated, especially because опе of the areas traced 
was.so small. There has been no opportunity as yet to try 
out the second proviso; however, with that no particular diffi- 
culty is anticipated. At all events in this repect the method 
wil easily be applicable for detecting dielectric losses in all 
cases where one side of the source can be grounded. 

The cards in Fig. 12 were obtained with neighbor-mounted 
quadrants; the ray-pointer that traced them was actuated by 
a composite field. For this unbalanced or onesided method 
of using the power indicator it is expected that better results will 
be obtained by tandem-mounted quadrants. With these 
the ray-pointer will be acted on first by one field and then by 
the other. 'Thus and by screening out the stray field set up 
by the high tension line, one should secure excellent results. 

Originally it was not thought that the one-sided method 
would work. For this reason it was tried out only at the close 
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of the series of trials merely for the purpose of working to 
the limits of the investigation assigned at the outset. When 
it was found to be quite feasible time did not permit to try out 
the method on high-tension circuits. A good testing load 
for such a trial would be a single high-tension line insulator. 
With the neighbor-mounted quadrants the cards must occupy 
one corner of the indicator screen; at all ranges they are, there- 
fore, rather too small for comfort. The use of tandem-mounted 
quadrants should restore the use of the whole screen and the 
method should then approach the satisfactory character of 
the central conncction method. 


ACCURACY AND INTEGRITY TRIALS 


1. The character of the electric field as to uniformity, set 
up between a plain pair of quadrants, quickly made and easily 
mounted, was tested by applying alternating e.m.f. between 
one pair of quadrants апа short-circuiting the neighboring 
pair. The quadrants were made and mounted as specified 
under structural details. The e.m.f's applied to the quadrants 
and the corresponding deflections of the ray-pointer produced 
were read and scaled and tabulated so as to permit of ready 
comparison. See table Г: 


_ — ы ————— 


Volts Indicator deflections ; 
140 | 150 | 
280 | у 271 
420 413 
560 555 — 

676 688 


| 


| 


This was not a complete accuracy trial. Composite fields 
deflecting the ray-pointer by the combined action of all four 
quadrants should also have been used. This test, however 
demonstrated that the accuracy required in the instrument 
is comparatively easy to obtain by a proper mounting of the 
quadrants. There 1s almost no end to the variation of the ac- 
tual forms that may be given the deflecting quadrants. It 
is merely a question of putting enough time into the undertaking 
to produce quadrants so formed and mounted that the ray- 
pointer will be deflected with any reasonable degree of accuracy 
that may be desired. 

2. The relation between areas and loading watts was tricd 


524 RYAN: POWER DIAGRAM INDICATOR [April 25 


out with low pressures. The connections used are shown 
diagramatically in Fig. 13. The loading resistances К, К. 
were the ordinary ‘‘ multipliers’’ used with alternating current 
instruments of the dynamometer type. The current through 
the loading resistances was read by means of the instrument, 
I, for which an ordinary alternating-current voltmeter was em- 
ployed. In this way the nest of cards in Fig. 14 was obtained 
by making the proper changes in the loading current as indicated 
at 1. The area of the original is given for each card. Fig. 14 
also includes an “ Integrity Table ", т.е. a table of the card 


DISPLACEMENT 


Integrity table Integrity table 
Powers. Areas. Powers. Areas. 
38? - 11,500 = 0.125 0.120 31.5*-+11,500 = 0.086 0.074 
60? - 11,500 = 0.315 0.305 502 -11,500 = 0.302 0.254 
110: --11 500 = 1.070 1,110 1002 -11,500 = 0.870 0.880 
145 - 11,500 = 1.830 1.830 147? -11,500 = 1.880 1.820 
Ес. 14 Fic, 1% 


areas and the squares of their corresponding currents which 
are proportional to the power present and scaled so as to facilitate 
comparison. No attempt was made to secure higher propor- 
tional conformity of areas and the powers that produce them. 
The sort of work for which the instrument was developed does 
not require it. However, should it be so desired greater ac- 
curacy can be obtained by refining the method of making and 
mounting the quadrants and by screening the ray-pointer from 
the action of all stray electric fields. 

3. With the arrangement of Fig. 18 but with potentials 
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unbalanced the nest cards given in Fig. 15 was obtained. 
The area of each card is given and an integrity table for the 
comparison of areas and corresponding powers is given as be- 
fore. No important interference with the accuracy of the in- 
strument was produced by such unbalancing effect. It is 
only necessary to secure an approximate balance, such as can 
easily be recognized by the eye when noting the form and loe 
cation of the card on the indicator scrcen. 


OTHER TRIALS 
1. In Fig. 16 is given a nest of cards formed by the core loss 
of a 60-kilovolt, 20-kw., transformer supplied from the high- 
tension side. 
2. The indicator accords means for the detection and ap- 
proximate measurement of extraordinarily small amounts of 
power. The card іп Fig, 17 was produced by ап e.m.f. of 83 


AREA MEASURES .0023 WATTS 


Fic. 16 Fic. 17 


volts applied through three megohms or .0023 watts. The e.m.f. 
applied in the velocity condensers was 172 volts and the total 
source c.m.f. was 191 volts. In high-tension work where the 
multiplying displacement condensers would be used this cor- 
responds to 2.3 watts at 191,000 volts. The loading resistances 
іп this case were a pair of lead pencil ' marks " about 5/16 in 
(7.938 mm.) wide and 8 in. (20.32 cm.) long made on linen 
writing paper. Their combined resistance when impressed 
with 108 continuous volts was determined by direct current 
voltmeter and portable galvanometer to be 3,000,000 ohms. 
Each of the pair of velocity condensers was made by laving 
an 83-in. by 11-іп. (21.59-cm. Бу 27.84-cm.) sheet of common 
typewriter linen paper as the diclectric upon a ground plate 
for one electrode and the other electrode was made by placing 
on top of the sheet a piece of tin foil 7-in. by 9-in. (17.78 cm. by 
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22.86 cm). The limit of sensitiveness is attained only when 
the current-velocity quadrants of the indicator are made to 
serve as the velocity condensers. When that is done the sensi- 
tiveness of the instrument is such as to permit the detection 
of extremely minute powers, viz.: 

3. As already stated for these trials, on purpose, no spccial 
care was taken in forming, mounting and insulating the quad- 
rants. They were held in place on the glass of the tube 
by means of rubber bands. 

Naturally according to weather conditions, the outer glass 
surface would collect some moisture and become conductive. 
When in this condition it 1s always interesting to apply alter- 
nating pressure to one pair of quadrants, with the remaining 
pair disconnected and to watch the drying off process that 
followed. It would be completed in perhaps a second. At the 
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start off there would be formed a considerable card area due 
to displaced electric fields set up by leakage current from the 
charged quadrants that had an in-phase power component 
because of the resistance of the leakage path. The generated heat 
would evaporate the moisture at a rapid rate and the card areas 
would diminish correspondingly until after a second or so 
nothing remained but the right-line band due to the applied 
pressure. The amount of power indicated in these cases was 
extremely small. | 

It follows, therefore, that by proper refinement the indicator 
may be relied upon to detect the extremely small stray losses 
that are often responsible for serious damage to insulation. 


STRUCTURAL DETAILS. 


A drawing to scale of the cathode ray tube used as an electro- 
static power indicator in these trials is given іп Fig. 18. In 
view of the fact that there is no gencral familiarity with the 
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source and character of the apparatus it may be well to add 
that this tube is made and marketed by Richard Müller-Uri 
of Braunschweig, Germany, catalogued by him as “ Braun- 
Ryan No. 2761” and sold in Germany for twenty dollars. 

А cone of cathode rays, ст, is emitted from the disk-shaped 
negative electrode. At the aperature, a, in the aluminum 
diaphram, d, a conical pencil of these гауз, 7, is allowed to pass, 
striking the screen, s, causing a fluorescent spot of light. These 
rays can be concentrated at the aperature, a, and focussed 
on the screen, s, to a marked degree by means of the magnetic 
field set up by the continuous current circulating in the coil 
m.m.f. Тһе coil should have proportions somewhat as shown 
in Fig. 18. It should have a continuous, maximum m.m .f. 
capacity of about 2500 ampere-turns. То begin with, the 
central plane of the coil should be at right angles to thc axis 
of the tube and near the negative electrode disk. The coil 
should be given a mounting capable of universal adjustment 
so that its own field and the earth's field or any stray field 
combined can be made to have the proper relation to the ray- 
pointer so as to give the best. focussing effect. Тһе continuous 
current through the coil must be adjustable by rheostat initially 

over a wide range, producing a corresponding variation of the 
 m.m.f. of the coil from 1,000 to 2,000, more or less, ampere- 
turns until by.trial the best focussing valuc is found. 

The principle upon which this focussing effect of the magnetic 
field depends is interesting. The flying electrons that consti- 
tute the cone of rays that cmanate from the cathode, being 
electricity in motion, constitute electric currents and are acted 
оп as such by the magnetic field. If the rays were parallel 
and not divergent they would pass through a magnetic field, 
in a direction parallel to the tubes of force undisturbed. Being 
divergent, they have a component motion at right angles to 
the magnetic field and behave just as electric currents at right 
angles to such field. Тһе consequence is that every clectron 
having a divergent path through the magnetic field 1s continu- 
ally deflected by the field at right angles to the divergent com- 
ponent of its motion. The effect of the magnetic field is thus 
to whirl the electrons in circles, which when combined with 
linear motion imparted by the charged cathode, produces as 
a net result, spiral motions. By properly adjusting the posi- 
tion of the magnetizing coil and the amount of its m.m.f., 
it is practicable to make each electron describe a spiral which, 
in projection, appears somewhat as that drawn in Fig. 19. 
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By this means many more electrons are made to pass through 
the aperature, a, and to strike the same luminescent spot on 
the screen, ss, than would otherwise be the case. The spot 
or trace made by the ray-pointer is, therefore, much brighter 
than it would be without the use of the foeussing coil. For 
the rays near the center of the ray-cone there 15 little or no 
divergence; away from the center there 1s more divergence. 
From the nature of things, this method of focussing can be made 
true but for one degree of divergence; it follows, therefore, that 
while it is effective in increasing the brilliancy of the ray-pointer 
andin lowering the potential at which the electrostatic machine 
must operate to produce the discharge, it cannot be effective 
to prevent materially the increase of the diamcter of the lumines- 
cent spot which is always from two to three times the diameter 
of the aperature. Nevertheless it is a great help and should 
always be used’. The nest of power cards in Fig. 13 is re- 
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produced at about two-thirds of the size of the originals as 
they appeared on the screen of the instrument. The little 
circle at the center is a trace of the outer circumference of a 
well focussed luminescent spot that produced the cards and which 
were recorded by tracing on smoked glass to the center of the 
band-diagram formed by the rapidly moving luminescent spot. 
The most important structural 
feature is the manner of connecting 
the negative electrode to the elec- 
trostatic machine. Ordinary good * 
quality automobile high-tension 
ignition cable does very well for 
this purpose. Near the tube the 
ignition cables should be terminated by brass hooks in the 
manner shown in Fig. 20; and the connection should be remade 
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3 Physicists have long known the general behavior of а cathode ray 
in а magnetic field. The author is indebted to Mr. Robert Rankin for 
the practical development of this system of focussing the cathode ray- 
pointer. Through much originality and enterprise, it was worked up by 
him as a graduate student іп 1905. 
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pair of by linking the hooks. Electrostatic machines of the in- 
fluence type, have a way of starting off in an uncertain direction. 
The hooks provide a simple, satisfactory means for reversing the 
connection. A photograph of the indicator showing the ig- 
nition cables joined by means of these hooks is reproduced in 
Fig. 21. It is important that all external edges of these hooks 
should be formed with an ample radius of curvature so as to 
prevent atmospheric conduction or corona loss discharge from 
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the electrostatic machine. Such loss when it does occur is 
fitful, and gives rise to an irregularly sustained ray-pointer. 

The cathode terminal has a great tendency to produce at- 
mospheric conduction right at the point where it enters the glass 
due of course to the high capacity of the glass which concentrates 
the field through the air films in that region to their breaking 
point, producing corona and in consequence an irregularly 
delivered ray-pointer. To prevent this an ample insulating 
jacket must cover properly the cathode end of the tube and the 
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connecting cable as shown by cross section at n n n n in Fig. 18, 
and again by photograph in Fig. 19. The result of much ex- 
perience with these jackets has been to determine that they 
are best made of paraffin, laid on hot by means of a brush, 
layer upon layer. It takes about two hours to build up the 
jacket in this way and when done, it is satisfactory and will 
last for months. After the operation is well under way the рго- 
cess can be hastened by sticking on pieces of glass tubing or 
good quality sealing wax and by pouring the well dried-out 
paraffin at a temperature that is just high enough to secure 
ample fluidity, into a paper mould formed about the part of 
the jacket already in place. Experience in casting the jacket 
complete in one opcration has not been satisfactory. 

When one of the tubes is used steadily а few hours daily 
for several months the “ hardening ” effect arrives that is known 
to all familiar with the X-ray tube. This is due to the increase 
in the vacuum produced by much use. When the vacuum 1s 
too high, the tube does not work so well, chiefly because of 
external corona loss,—-besides 14 is hable to puncture. To 
lower the vacuum a small platinum tube, p t, Fig. 18, is sealed 
into the cathode ray tube at one end; the other end projecting 
outward is closed. By osmosis a little hydrogen may be passed 
through the platinum tube to the interior of the cathode ray 
tube when heated to red heat 1n an alcohol flame. Тһе alcohol 
vapor conveniently furnishes the hydrogen. Care must be 
used not to admit too much hydrogen and thus lower the vacuum 
 toomuch. The best gauge of the degree of vacuum is the electric 
pressure required to sct up the cathode ray-pointer. The 
discharger balls on the electrostatic machine are conveniently 
employed for this purpose. А spark at ł in. (9.525 mm.) gap 
or a little less between the discharger balls is a measure of a 
degree of vacuum that always gives excellent results. The 
balls are fixed firmly at $ in. (9.525 mm) separation, so that 
in attempting to operate a hardened tube the machine will 
discharge at the balls and not through the tube. The alcohol 
flame is then applied to the platinum tube until it is red hot and 
immediately removed to await the effect. А little time should 
be allowed for the newly admitted hydrogen to disseminate 
throughout the tube. Ina minute or so, if the sparks have not 
ceased between the discharger balls, a little more hydrogen 
should be admitted by reapplying the alcohol flame to the plati- 
num tube, stopping the process each time, early, to note the 
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result,—and so proceeding until the vacuum is lowered to the 
desired point, the ray pointer has been reéstablished and the 
sparks between the discharger balls have ceased. 

A record may be made of the diagrams indicated on the 
screen of the instrument by photography or by hand tracing, 
either from the front or back of the screen. From the front 
the view is necessarily at an angle. Distortion is avoided by 
fixing the plane of the recording plate or sheet parallel to the 
plane of the instrument screen. The most convenient method 
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that experience thus far has developed is to use a lightly smoked 
glass mounted on a small table or hand rest next to the body 
of the tube which must be mounted as shown in Figs. 21 and 22. 
А peep-sight as there shown fixes the point of view. The little 
table is made in the form of a shallow oblong box with ends 
opened and lined with white paper. At the middle an opening 
is cut and arranged so that the smoked glass can be mounted 
on the under part. Thus light can be admitted from incandes- 
cent lamps at the ends so as to shine on the point of a marking 
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stick to assist the eye in making the record. Many methods 
are available for making these records including the use of the 
pantagraph, planimeter, ctc. 

As to the electrostatic machine: Any good make of Wims- 
hurst type electrostatic machine, having four or more pairs 
of plates, 15 in. (38.1 cm) in diameter or larger, of hard rubber, 
glass or mica, will do very well. 

For work in the daylight it will be necessary to exclude the 
light very largely from the instrument and recording table. 
This may be conveniently done by means of a cloth hood held 
in place at the top by a drawing-in tape, parted and closed with 
hooks and eyes, furnished with openings to admit the ends of 
the recording table and a sleeve to admit the recording arm 
of the observer, as shown in Fig. 22. 

As already referred to: it is best to cover the electrostatic 
machine with a grounded metal net so that stray ficlds from 
the high-tension circuit will not interfere with 145 work. It 
is best to look carefully to the setting of the instrument or to 
protect it by grounding metal nets, so as to relieve it from 
interference from the same cause. Again it is well to keep the 
ignition cables that connect the instrument to the electro- 
static machine free from vibrations because the stray field they 
carry will correspondingly sway the position of the ray-pointer; 
or better, their stray ficld may be shut out also by means of 
a properly mounted metal grounded net. 


Turk CATHODE-RAY POWER DIAGRAM INDICATOR OPERATED 
AS AN OSCILLOGRAPH 


It is often desirable to know the wave forms of the c. m. f. 
or current emploved in the high-tension insulation tests or 
other work for which the clectrostatic power indicator may be 
employed. This is easily accomplished for the e.m.f. wave 
by short-circuiting out the indication of the current-vclocity 
field. The ray-pointer then has simply a displacement motion 
that is proportional to the e.m.f. from instant to instant. 
The wave form drawn in the familiar rectangular components 
may be viewed through a synchronously revolving mirror 
such as is employed in connection with the common Dudell 
type of oscillograph. Or it may be made to trace its time 
card by applying a sine-wave pressure tapped from a sine-wave 
current source* to the current-vclocitv quadrants. Аз the 


_ 4 The Cathode Ray Alternating Current Wave Indicator, by Harris 
J. Ryan. Transactions A.L E.E., Vol. XXII, p. 539, 1903. 


1911] RYAN: POWER DIAGRAM INDICATOR 533 


third harmonic is almost invariably absent from the ordinary 
three-phase source, pressure tapped from one of the phases 
of such a source will be approximately sinc-wave, and may 
be applied to the velocity quadrants in licu of the true sine-wave 
pressure to develop the oscillogram of the e.m.f. where great 
refinement is not necessary. 

To produce an oscillogram of the current, non-inductive 
resistances, having values equal to the reactances of the ve- 
locity-condensers should be substituted in lieu thereof. De- 
flections of the ray-pointer will then be produced that are 
proportional to the instantaneous values of the current. The 
current wave form may then be observed and recorded by 
means of the revolving mirror, or the current may be made to 
produce its oscillogram by substituting, in convenient phase, 
a sine-wave pressure for the line pressure that was cut off from 
the corresponding quadrants when the start was made to oscil- 
lograph the current. Unless the pressure necessary to actuate 
the ray-pointer is small compared with the total impressed 
pressure this method will introduce errors that are small to 
begin with and which increase in an obvious mannner as the 
difference between the two pressures grow less. This may be 
avoided altogether by taking an oscillogram of the current- 
velocity movement of the ray-pointer which will not be so easy 
to interpret but which will have introduced no error. 


THE MAGNETICALLY OPERATED POWER DIAGRAM INDICATOR. 


A number of years ago Dr. D. K. Morris at the University 
of Birmingham, England, by the combined action of two Dudell 
oscillographs, produced hysteresis cards from closed laminated 
magnetic circuits actuated by alternating currents. To do this 
the magnetizing current was passed through one oscillograph 
and through the other a current was passed that was generated 
by a secondary coil mounted over the closed magnetic circuit 
and controlled by an inductance, as pure as it is practical to 
make. Тһе rav-pointer of light was reflected from the mirror 
of one instrument and then from that of the other by a suitable 
arrangement of optical facilities so as to trace on the observing 
screen or recording plate a card of the hvsteresis present in the 
closed magnetic core. 

It is easy to perform this same experiment by means of thc 
magnetically operated cathode ray oscillograph. One instru- 
ment does the work because the cathode ray pointer will at once 
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follow both rectangular displacements, one proportional to 
the magnetizing current and the other proportional to the core- 
flux present. This was done in the Cornell laboratories for 
purposes of instruction in 1905. It was not recognized, how- 
ever, at the time that such an instrument is inherently a power 
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diagram indicator and that it behaves as such when connected 
as in Fig. 23. 

The theory of this indicator is precisely the same as that for 
the electrostatic type except that magnetic fields are used in 
lieu of electric fields, and current and е. m. f. have exchanged 
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duty in producing the displacement and velocity movements 
of the ray-pointer, 1. е. in the magnetic power indicator the ray 
pointer is given a displacement that is in proportion to the line 
current and a quadrature velocity that is proportional to the 
impressed e.m.f. for a current that is controlled entirely by 
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inductance varies at a rate that is proportional to the impressed 
e. m. f., or 


Finally it is apparent that a combination static-magnetic 
power diagram indicator should be possible and practicable. 
One such form that has suggested itself is shown diagramatically 
in Fig. 24 wherein the reactance of the pressure velocity con- 
densers Cy’ С,” must be small compared with the value 
of the non-inductive, noncondensive controlling resistances, 
PRU. 

This investigation was undertaken to provide a satisfactory 
electrostatic power diagram indicator.to be employed to detect 
and measure stray power losses that occur in and often injure 
dielectrics employed іп high-tension practice. There was no 
thought to produce a corresponding magnetic form of instru- 
ment. It came along with the undertaking as a sort of by-pro- 
duct and as yet no important need of it has bcen discovered. 
Doubtless in time it may prove to be of particular value in 
certain classes of work. 

The author is happy to employ this opportunity to acknow- 
ledge his indebtedness to his co-workers, Professors S. B. Chart- 
ers, Jr., and W. A. Hillebrand, for their hearty coópcration 
in making the trying out experiments herein reported and to 
the authorities of Leland Stanford Jr. University who approved 
the purchase of the equipment required for work of this character. 
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THE EFFECT OF TEMPERATURE UPON THE 
HYSTERESIS LOSS IN SHEET STEEL 
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BY MALCOLM MAC LAREN 
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In the experiments described below, investigations were made 
upon the variation in һуѕісгеѕіѕ loss in sheet steel when passing 
from ordinary atmospheric temperatures up to the point at 
which the material becomes non-magnctic. Тһе measurements 
were made over as wide a range of induction as possible. In order 
to get consistent results 1t was found to be important that the 
observations at each temperature be made quickly, partly on 
account of the difficulty of holding the temperature constant 
and partly because, even with constant temperature slow changes 
occurred in the hysteresis which become especially pronounced 
at the higher temperatures. 

Method of Measurement. The method of measurement which 
was employed was a modified form of the well known two-fre- 
quency method in which alternating current is applied to the 
test sample and the combined hysteresis and eddy current loss 
is measured. The hysteresis loss =a f B* and the eddy current 
loss = В f? B?, where a and В are constants, f is the frequency іп 
cycles per second, B is the induction per square centimeter, and 
X is an unknown quantity equal to approximatcly 1.6. 

If ш, = the measured loss at a frequency fı and а; = the 
measured loss at a frequency fz then 


w =a fı B+ В f? В? 
and 


w = а fo B*+ В fe В? 


NoTE.—This paper is to be presented at the New York meeting of 
the A. I. Е. E., April 14, 1911. Notice of oral discussion or any written 
discussion should be mailed to reach the Secretary before date of meet- 
ing. Written contributions received within 30 days thereafter will be 
treated as if presented at the mecting. 
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Solving these equations for В at апу induction В we get: 


Wi fo— We fr 


= веја fife) 


Knowing f, the eddy current loss can be determined and by 
subtracting this from the measurcd loss the hysteresis can be 
obtained. In making the measurements it is desirable to use a 
low frequency for the lower limit as then the measured 1055 is 
principally hysteresis. Тһе higher frequency should be consid- 
erably above the lower in order that errors in observations should 
not introduce too great an error in the determination of В. 
In all these experiments 25 and 60 cycles were the two frequencies 
used. 

If mcasurements had been made upon the sample through a 
single exciting coil a correction would have been necessary on 
account of the J? К loss in this coil. This is difficult to make 
accurately with varving temperature and has been avoided in 
this case by placing a primary and secondary winding upon each 
sample.* If the current coil of the wattmeter is connected into 
the primary and the potential coil across the secondary, then 
the combined hysteresis and eddy current loss will equal the 
wattmeter reading multiplied by the ratio of the primary to the 
secondary turns. The corresponding induction is found from 
the formula: 


йа и 
~ V2XTXAXfXS 
where V = зесопЧагу voltage. 
А —cross section of sample in square centimeters. 
S=number of secondary turns. 

The arrangements of connections is shown in Fig. 1. The 
ammeter in the primary circuit was not required in determining 
the hysteresis loss but was useful in following the change in 
magnetizing current as the material approached saturation. 
Instruments were used which contained no iron in their magnetic 
circuits and were, therefore, not affected by a change of frc- 
quency. The wattmeter was calibrated for low power-factor 
and was compensated for the loss in its potential coil. It was 
necessary, however, to correct for the loss due to the voltmeter 


* Due to Dr. Steinmetz, Transactions of А. I. Е. E., Vol. IX. 
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current. This was done by observing the difference in the watt- 
meter readings with the voltmeter circuit closed and open at 
constant voltage. A number of such readings were taken from 
which a curve was plotted showing the voltmeter loss for any 
voltage over the range covered by the experiments. 

The alternator used during the test gave an e.m.f. wave of 
approximately sine form and was of sufficient capacity to have 
its field practically unaffected by the maximum armature cur- 
rent of 2.5 amperes required for the test sample. Distortion of 
the wave form was further minimized by connecting the primary 
winding directly across the terminals of the alternator and vary- 
ing the voltage applied to the sample by varving the field excita- 
tion. The alternator was direct coupled to an interpole shunt- 
wound motor in which the speed could be varied from 750 to 
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1800 геу. рег min. by varying the field excitation. These limits 
corresponded to 25 and 60 cycles at the alternator. A magneto 
Speed indicator, direct coupled to the motor generator set, al- 
lowed the frequency to be determined instantly, and permitted 
the change from one test frequency to the other to be made very 
quickly. A storage battery was used for supplying power to 
the motor, so that the voltage and frequency at the sample re- 
Mained very steady while the observations were being made. 

This method of measurement was checked by comparing 
results with direct measurements of the hysteresis loop for 
Several inductions in the manner described below. 

The temperature was determined by platinum-iridium thermo- 
Couples and а potentiometer. Ава check two couples were used 
M each experiment and were placed in opposite sides of the 
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sample. Differences of temperature of onc degree could be noted 
with these couples. 

Electric Furnace. The furnace used for heating the sample 
is shown in section in Fig. 2. The inside heater A consisted of a 
corrugated porcelain dish with “ nicrome " heating wire wound 
in the corrugations. Тһе outside heater B was made up of а 
sheet steel cylinder insulated with a thin layer of asbestos, about 
this were wound fifteen turns of ''nicrome " wire; strips of 
asbestos were placed between turns and the whole was covered 
with a thick laver of asbestos. Alternating current was used 
for the heater and the temperature was controlled through regu- 
lating transformers. The sample 5 was heated uniformly by 
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placing it in the center. of,the heating chamber.  Thischamber 
was closed at the top bv a fire clay disk C which rested upon the 
top of the inside heater and fitted closely against the inside 
surface of the outside heater. Ап intermediate chamber was 
formed by placing the heaters in a fire clay pot D and closing the 
top with a disk of thick asbestos and a fire clay cover Е. The 
outside of the furnace was covered with asbestos. All joints 
were sealed with clay. Small holes were cut in the sides of the 
retaining vessel and in the outside heater to allow the entrance 
of the thermo-couples T and these holes were sealed with asbestos. 

The flow of heat through the bottom of the furnace was 
checked by mounting this upon a second fire clay pot Fin which 
thermal currents were broken up by means of a glass dish G, a 
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glass plate H and an asbestos disk J. The furnace was further 
insulated from the floor by a fire clay disk K. 

The maximum power taken by the furnace during the ехрегі- 
ments was 1500 watts. This gave an average temperature rise 
of about 100 deg. cent. per hour. 

Test Samples. Measurements were made upon three samples. 
The same material was used in samples No. 1 and No. 2 and cor- 
responded to a good grade of commercial armature steel. The 
average thickness of the plates was 0.43 mm. The essential 
difference between these samples was that in No. 2 the eddy 
currents which might exist between plates was checked by placing 
very thin strips of mica between every second plate. Sample 
No. 3 was made up of high silicon transformer steel the average 
thickness of plate being 0.349 mm. In each case the rings were 
2.54 cm. wide and had a mean diameter of 27.9 cm. They 
were separated at the center by U-shaped spacing strips to allow 
the introduction of the thermo-couples. The primary winding 
consisted of a single layer of iron wire distributed uniformly 
around the sample and insulated from the steel rings by sheet 
asbestos reinforced with mica near the terminals. This was 
covered with a thin layer of Portland cement and a second layer 
of asbestos. The secondary was wound upon this and the sample 
was then covered with a second layer of Portland cement. 
Further details which differed in the three cases were as follows: 


КИЕВЕ АЕА 
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Cross Primary Sec. 
| section turns turns Weight 
| Sample No. 1.............. 14.0 sq. cm. 195 166 9.6 kg. 
Меча 12.9 а 144 156 8.874 “ 
^ Чо. Зу и.о жа рез 13.27 “ 154 161 8.611 “ 


Results. In each case observations were taken at scveral 
temperatures first at 25 cycles, then at 60 cycles and then a 
few check readings were again made at 25 cycles to see that the 
losses had not changed while the measurements were being made. 
The results were then plotted in the form of curves between 
loss per kilogram and induction, the observed points being in- 
dicated in each case. From these curves В, the coefficient of the 
eddy current loss, was first determined and from this the eddy 
Current loss was separated from the hysteresis for 25 cycles at 
Severa] different inductions. Finally curves were derived which 
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showed the change in hysteresis loss with the temperature at 
constant induction. 

Sample No. 1. After the test had been started on this 
sample and the temperature had reached about 150 deg., mea- 
surements indicated that a short circuit was developing in the 
windings. Тһе test had to be discontinued, but the temperature 
was raised to about 400 deg. in the hope of removing the defect. 
Later measurements after the cooling showed that the short 
circuit had disappeared and the test was continued up to the 
non-magnetic point. It was found, however, that above 500 deg. 
the losses increased with rise of temperature which was probably 
due to a reappearance of the short circuit, so that the measure- 
ments above this point are not of great value except as they 
serve to check the results obtained on sample No. 2. Table I 
shows the value of В and the corresponding values of eddy cur- 
rent and hysteresis loss at 25 cycles for this series of observations. 
The average value of В for each temperature has been used in 
the determination of the eddy current loss except for the highest 
temperatures where this does not scem permissible. 

It might seem that variations of 15 or 20 per cent 1n the values 
of which occur in the test would indicate correspondingly large 
errors in the observations and give very inaccurate results in the 
determination of the hysteresis loss. It should be remembered, 
S Wifa— Л _ 

B? (fs fi? — fife) 
losses affect the numerator only. 

Taking one of the worst cases, which occurs in the measure- 
ments at 282 deg. for B equal 10,000, when the value of f is 
about 20 per cent less than the average, the measurements showed 
that wi=2.94 and = 1.05 and the numerator іп the above 
was therefore 2.94Ж25 — 1.05x60-210.5. In order that the 
observed value of В should equal the avcrage this figure should 
be incrcased to 13 and this difference would be accounted for by 
an error of about 3 per cent in the value of w, or about 4 per cent 
іп the value of w . . It will also be seen from the table that 
at this point the eddy current loss equals 0.155 watt per kg. out 
of a total measurcd loss of 1.05 watts per kg. "This means that 
even with an error of 20 per cent in the determination of the 
eddy current loss the error introduced in the value of the hyster- 
esis loss would only amount to 4 per cent. 

Fig. 3 was plotted from the values for the hysteresis loss given 
in the table. Тһе break in the curves between 150 and 200 is 
accounted for the fact that the test was not continuous. 


however, that B= in which the measured 
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TABLE I 


24 deg. cent. 140 deg. cent. 197 deg. cent. 


B в х109 | Ed. Ed. | Hyst. 8X10" | Ed. | Hyst. 


— —  —— M ааа 


14000 | 0.0456 | 0.61 | 2.24 | 0.0284 0.41 | 2.20 0.0291 0.384 1.90 
12000 | 0.0462 | 0.45 | 1.57 | 0.0345 0.301 1.53 , 0.0305 0.284! 1.37 
10000 | 0.0510 0.312| 1.06 | 0.0330 0.218| 1.05 0.0306 0.196, 0.944 


8000 | 0.0515 | 0.200 0.72 0.0350 0.134, 0.716 0.0315 0.126 0.615 


6000 | 0.0550 | 0.112 0. 448 0.0365 0.075) 0.445 0.0355 0.071 0.367 


emanate [as 
Average.. 0.0499 | 0.0335 0.0315 | 
г D AU deve Ее 
282 deg. cent. | 390 deg. cent. 460 deg. cent. 

В X1010 | Ed. Hyst.  8XI0? , Ed. Hyst. 8X10" Ed. | Hyst. 
| ! | ес асса шол лы ыа 49 алға Дыш 
| 0.0290 0.304 1.71, 0.0256 , 0.325 | 1.32, 0.0319 0.385 | 1.05 

0.0218 — | 0.223 1.28 | 0.0245 0.240 1.01 | 0.0294 | 0.285 | 0.825, 

0.0200 | 0.155 0.895, 0.0243 > 0.166 0.718 0.0267 04197 | 9-605 

| | | 

0.0244 | 0.099 0.581, 0.0256 0.107 0.466 0.300 0.126 | 0.394 
| 0.0291 | 0.056 0.344! 0.0333 . 0.060. 0.268 0.0350 0.071 | m 
| | | | 
Av.0.0248 ! 0.0206 . ; 0.0316 | | 
| 535 deg. cent. 1 600 deg. cent. | 665 deg. cent. 

Л el текте сар | e gy реет AS CO | Moa ER E RR 

8 X10 | Ed. ,Hyst. | — 8 X10!9 | Ed. | Hyst.', B8 X10" | Ed. nn 

| | г 
а бы 
i | | 
0.0410 | 0.481 0.829 0.0613 0. 690 0.655. 
0.0390 ОЗИ 0.668, 0.0595 |0. i 0.525. : 
|, 
0.0360 0.246, 0.4921 0.0552 0. a 0.398; 0.147 0.92 | 0.19 
| T 
0.0370 | 0.157 0.323, 0.0501 0. ide! 0.265 0.132 0.53 | 0.17 
0.0435 0.089 0.161 0.0549 0.127, 0.134 0.121 0.27 | 0.098 
Rp | | 
Ау. 0.0393. | 0.0562 r 
| 
mene ара eo ut ПИЕ CONDO NEL. 
708 deg. cent. | 749 deg. cent. 
же КЕСЕНЕНІ Pe эмым 
В X100 Еа. | Hyst. | 8 ж10'9 © Еа. ‚ Hyst. 
і | 
эш ыы НОЕ ИННЫ 
-|[-i-[-i-i- 
em a NET 55 ЧОД | ИРЕ | шайы сы 
| | 
0.147 0.92 0.105 —  — | — 
0.133 0.53 | 0.130 | 0.216 | 0.86 | —0.15 
i | 
0.121 0.27 | 0.083 | 0.179 | 0.40 | —0.04 
і | 
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Sample №. 2. Fewer primary turns were used іп this case 
than with sample No. 1 in order to get greater clearance between 
turns and more care was taken with the insulation, as a result 
there was no indication of any failure of insulation during 
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the test upon this sample. The measured losses in this case, 
which are representative of the three sets of measurements, are 
shown in Figs. 4 and 5, the value of В and the corresponding 
eddy current and hysteresis losses are given in Table II and the 
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values of the hysteresis loss shown in the table are plotted with 
reference to temperature in Fig. 6. 

Comparing Figs. 3 and 6 it will be seen that the two samples 
show the same general characteristics. They both show а re- 
markably small change in loss at the lower temperatures; they 
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also both show a sudden drop in the curves although this occurs 
at about 100 deg. higher temperature on sample No. 2 than on 
sample No. 1. Perhaps too much reliance should not be placed 
upon the results obtained with sample No. 1 on account of its 


TABLE И _ 


218 deg. cent. | 273 дер. cent. | 358 deg. cent. 


B В Х10%9 Еа. | Hyst.; 2X10! Ed. | Hyst. ^ 8X10! Ed. | Hyst. 
| 


12000 | 0.0341 0.310, 1.23 ^ 0.0328 0.299| 1.19 |, 0.0242 0.235) 1.16 
10000 | 0.0348 | 0.216 0.884 0.0318 0.207} 0.869 0.0256 0.164, 0.866 
8000 | 0.0345 | 0.138 0.582. 0.0340 0.133| 0.597 0.0274 0.105, 0.595 
6000 | 0.0351 | 0.077 0.375 0.0337 0.075) 0.377 0.0275 0.059, 0.371 


Average 0.0345 | | 0.0332 | 0.0261 


| 
| | 

14000 0.0342 | 0.421 1.66 | 0.0312 0.407| 1.55 | 0.0259 0.320! 1.49 
| 


527 deg. cent. 597 deg. cent. 


445 deg. cent. | | 
8 х10!0 Ed. | Hyst. | 8X10" Ed. Шы 


В X10 | Ed. | Hyst. 


—— | ————_——_—_——— 


0.0240 0.277, 1.16 | 0.0208 iod: 0.765 0.0190 0.251 0.519 
0.0226 0.203, i с 1203 0.195 0.625. 0.0192 0.185 0.435 
0.0220 Ga 0.699 0.0223 Rd M 0.0191 A 0.347 
0.0218 0.091 0.479 0.0222 0.087, 0.318 0.0192 0.084, 0.246 
0.0225 ` 0.051 0.299 0.0230 0.049 0.191, 0.0245 0.046 0.135 


Ау. 0.0226 — | | 0.0217 | 0.0205 
ИН КЕНЕН ЕНЕР SCIES PONE 
660 deg. cent. 707 deg. cent. 762 deg. cent. 


В X1010 Ed. pee В X10! Ed. | Hyst. В Х109 | Ed. | Hyst. 
| 


| pescar ce 
| 

0.0270 | 0.361) 0.354] 0.0250 0.335 0.253 — + — | — 

0.0282 | 0.265 0.285| 0.0248 0.246, 9.234. 


0.0292 0.184. 0.244 0.0256 0.171 0.197 0.0357 | 0.223! 0.002 
р | 

0.0308 0.118; 0.172 0.0269 0.109: 0.149 0.0360 ER 0.009 

0.0323 0.066! 0.099! 0.346 0.061 0.084 0.0364 0.082'-0.001 


Av. 0.0295 | 0.0273 ` | 


| 


| 


| 


defective insulation but it is suggestive to note that from 200 
to 400 deg. the rate of heating in No. 1 was 80 deg. per hour 
and in No. 2 it was 35 deg. per hour and this might be a possible 
€xplanation of the differences which occur in the two samples 
Over this range of temperature. 
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It is possible that sufficient refinement was not entered into 
in these measurements to enable an accurate determination 
to be made of the exponent x in the expression, hysteresis 
loss w=a f B”; but the results are so consistent among them- 
selves and check so well with the direct measurement of the 
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hysteresis loops, that comparative values at different tempera- 
tures should be fairly correct. Transforming the above ex- 
pression into the logarithmic form, 


_ log v — log (a f) 
4 Іор В 
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a preliminary investigation showed that x was practically con- 
stant so that at each temperature this was assumed equal to 
1.6 at the minimum induction and a value was obtained for the 
constant log (af) which changes only with the temperature. 
The value of x at the higher inductions was then obtained by 
using the values of w given in table II. The results are shown 
below and indicate that the law governing the change of hy- 
steresis loss with the induction is unaffected by the temperature 
even near the non-magnetic point. 


218 237 358 | 445 527 | 597 | 660 707 | 
deg eg. deg. | deg. deg. deg. deg. deg. 
cent cent. cent | cent. cent. cent. | cent. cent, 

$a | | ----- 

6000 | 1.600 | 1.600 | 1.600 | 1.600 | 1.600 | 1.600 | 1.600 | 1.600 
22 8000 1.598 25000 1.601 | 1.601 ' 1.605 ! 1.615 | 1.610 | 1.160 
10000 1.604 | 1.602 | 1.602 | 1.603 1.608 1.606 | 1.609 1.604 
12000 | 1.608 | 1.604 | 1.603 | 1.603 , 1.608 ' 1.600 | 1.594 | 1.591 
14000 1.614 | 1.606 | 1.604 | 1.600 1.603 : 1.600 ! 1.591 1.570 


Sample No. 3. Тһе results of the test upon this sample аге 
Shown in table III, and the variation of the hysteresis loss with 
the temperature is shown in Fig. 7. 


TABLE III 
TC" 47 deg. cent. ! 300 deg. cent. | 402 deg. cent. | 
| B 8x10" Ed. ids osama В Х109 ! Ed. Hyst. BX10^ | Ed. | Hyst. | 
ж” sul a 
| 
| 


| 
14000 | 0.0097 | 0.109] 0.991! 0.0113 0. ЖҮ 0. 756) -- -- — 


12000 | 0.0090 0.080) 0.782, 0.0114 0.101 0.612 ° 0.0093 | 0.085, 0.515 
10000 | 0.0080 0.056| 0.576 | 0.0107 · 0.069 0.471' 0.0092 | 0.059, 0.402 
8000 | 0.0089 | 0.035) 0.386, 0.0113 | 0.045| 0.325, 0.0101 | 0.038! 0.289 
|Average | 0.0089 . 0.0112 | | 0.0095 | 
| 
ЖАШАН, ООО КЕК MESE OMM | ЖИ ОИ 
508 deg. cent. | 597 deg. cent. | 659 dcg. eent. | 700 deg. cent. 
...998 deg. cent. | 


В X10" | Ed. | Hyst. І8х10” Ed. | Hyst. 810 Ed. | Hyst. !8х10% Ed.  Hyst. 


| | 1, 
0.00804 0.0760.373 10.0109 0.107 0.154 0.0120 0. 108 0.083 | 


0.00865 0.053 0.313 0.0118 0.074 0.138 Оаа 064 | 0.01600. 100 0.010 | 


0.00878 0.0340. 248 0.0129.0.048 0.117 (0.0142 0.057 0.057 | 0.0175 0.070 0.011 | 


| 
0.00849 | | 0.0019 | | | | | | | | 
атысы Шз зз м или ык А Y i 


ses ернін керке 
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The values of x determined in the same manner as for sample 
No. 2 were as follows: 


47 300 402 508 597 659 
deg deg. deg deg. deg deg 
B cent cent. cent cent cent cent 
| ! | 
8000 1.600 1.600 1.600 | 1.600 1.600 1.600 
10000 1.604 1.602 1.597 ‘| 1.586 1.574 1.574 
| 12000 1.605 1.598 1.585 | 1.569 1.560 1.570 
| 14000 1.606 | 1.596 БЕ |" шыш; Ч- ышы = 
| ) j 


An investigation was also made upon the permeability of this 
sample as it approached and came out of the non-magnetic 
state. "This was done by kceping a constant magnetizing current 
of 2.5 amperes 60 cycles in the primary and noting the change of 


6000 
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induction as determined from the secondary voltage as the 
temperature changed. The results were as follows: 


A E — - ------ ----- ———— -------.- 2—2 — ——— 


Heating Cooling | 
Induction Temperature | Induction Temperature 
8200 702 deg. cent. | 8280 707 deg.cent. | 
7460 715 | 7660 715 | 
6010 727 | 6015 726 | 
| 

4660 732, | 4710 729 

3550 735 2360 732 
1610 737 1530 735 | 
| 
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Direct Measurement of Hysteresis. As a check upon the above 
results, hysteresis loops were plotted at several inductions upon 
sample Хо. 2. The arrangement of the apparatus in this test 
is shown in Fig. 8. 

The magnetizing force in the sample was determined from the 


1 
107 where S is the number of primary turns, 


$ is the current in amperes and ғ is the mean radius of the test 
ring. For sample No. 2, Н=2.06 1. т was measured by the 
ammcter А in the primary circuit. Four German silver re- 
sistance frames with sliding contacts were used for varying the 
magnetizing current. А d'Arsonval galvanometer С was 
placed across the terminals of the secondary. А shunt was used 
with the galvanometer in order to keep the deflections within a 
suitable range and reduce the time of the cvclc. 

If a magnetizing force Н is applied to the sample and 1$ grad- 
ually reduced to zero by reducing the current at such a rate 


' 25 
expression Н = —=— 
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as to keep а fairly constant deflection on the galvanometer and 
if the magnetizing current is then reversed and gradually in- 
creased. until — H is reached, then the average galvanomctcr 
deflection multiplied by the time required for the reversal is a 
measure of the total change of induction in the sample in passing 
from +H to — H. In these tests simultaneous readings upon 
the ammeter and the galvanometer were taken at 10-second in- 
tervals. If the galvanometer deflection varied, the average 
during the interval was recorded. In this case the sum of the 
galvanometer readings multiplied by 10 was the measure of the 
Change of induction. The galvanometer was calibrated by 
means of а potentiometer and a standard cell, and one division 
of the galvanometer scale was found to equal 2.74107 volt, 
So that the total change of induction equals 


_ 2.74 Х 10° Хѕит of deflections 2 


number of secondary turns 
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and the induction per square centimeter in the sample corres- 
ponding to H was therefore: | 


__2.74X10°Xsum of deflections _ 


B 2x 12.9 x 156 


= 67.8 Жзит of deflections. 


It also will be readily seen that the change in induction due to the 
change in the magnetizing force between consecutive readings 
= 267.8 х galvanometer reading. 

The method of plotting the hysteresis loop from a set of read- 
ings between +H and — Н 15 then to take the sum of the gal- 
vanometer readings between these limits to determine B cor- 
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responding to the maximum positive value о H. At the end of 
the first 10 seconds the ammeter reading will show a magnetizing 
force H, and the galvanometer reading will give the correspond- 
ing change in induction В). The actual induction in the sample 
due to Ну will then equal В — В,. Other points on the hysteresis 
loop will be found in the same way until — B corresponding 
to the maximum negative value of H is reached. As a check 
upon the accuracy of the observations it is well to continue the 
test until the starting point is again reached, the sum of the 
positive galvanometer deflections should then be equal to the 
sum of the negative deflections. 

It should be noted that this method of measuring hysteresis 
loops possesses a considerable advantage over the usual step by 
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step method with a ballistic galvanometer, in the fact that it 
is not necessary to predetermine the resistance steps as this is 
taken care of entirely by watching the galvanometer deflection. 
As far as the writer is aware this method has not previously 
been applied to small samples requiring laboratory instruments 
for the measurements. It was first suggested by Mr. С. Е. 
Scott and developed by Mr. Scott and the writer for the purpose 
of determining the permeability of the nickel-steel field ring of the 
first large generator installed at Niagara Falls. The field ring 
itself was the test sample іп that case and the magnetic flux was . 
of such a magnitude that a voltmeter could be employed in the 
secondary circuit for the measurement of the induction. 

Three hysteresis loops obtained by this method are shown in 
Fig. 9. Immediately after these were taken, measurements 
were made by the two-frequency method, and the values of the 
watts lost per kg. at 25 cycles determined by the two methods 
were as follows: 


Loss by direct Loss by two- 
measurement frequency method 
For B— 4650................... 0.306 | 0.282 
s В—11000................... 1.16 1.22 
“Ӊ==12400. ерек 1.595 1.55 


These tests show a sufficiently close agreement to prove the 
entire suitability of the two-frequency method for measurements 
of this character. 

The writer is indebted to Mr. Philander Norton for his 
valuable assistance in making the observations and in cal- 
culating results. 
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THE SEMI-AUTOMATIC METHOD OF HANDLING 
TELEPHONE TRAFFIC 


BY EDWARD E. CLEMENT 


It is the purpose of this paper to describe briefly the Clement 
automanual telephone exchange svstem, explain its principles, 
and show some of the results it has produced. For proper 
presentation, and in order to make necessary comparisons, the 
subject will be developed as follows: 

1. The limitations and waste necessarily involved in manually 
operated exchange systems. 

2. Characteristic features and limitations of automatic 
methods. 

3. The principles involved in the automanual svstem, and the 
manner in which they are applied to avoid waste, and secure 
increased economy and efficiency. 


MANUAL SYSTEM 


Some years ago it was generally agreed among telephone engi- 
neers that the limit of concentration had been reached in the 
10,000-line multiple switchboard. It is true that switchboards 
of a much greater capacity than this had bcen designed and some 
of them built, but other reasons beside the mechanical and 
physical limitations of the central office equipment forbid ex- 
treme concentration. Among these the most important factor 
is that of the increasing ratio of non-carning investment in the 
cable and wire plant. It is unnecessary for.me to recapitulate 
the figures that have been presented from time to time before 
the Institute, in support of this statement. It has been shown, 
and I believe is not disputed, that over 90 per cent, and in some 
Cases 98 per cent of the wires are idle, оп the average, during the 


Note.—This paper is to be presented at the Pacific Coast meeting, 
of the A.LE.E., Los Angeles, Cal, April 25-28, 1911. Notice of oral 
discussion or any written discussion should be mailed to reach the Chair- 
man of the Los Angeles Section, J. E. McDonald, on or before date of 
meeting. Written contributions received within 30 days thereafter will 
be treated as if presented at the meeting. 
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24 hours; and in well-designed systems observation has shown 
that the total number of connections established or in course of 
establishment simultaneously at the peak of the load is not more 
than 40 per cent of the number of sets of connective apparatus 
necessarily provided. This percentage of course does not refer 
to line terminals, of which the percentage is only a fraction of 
this. Since the wire and cable plant represents a large propor- 
tion of the entire investment in any existing system, either 
manual or automatic, it will be seen that important as the 
switchboard limitations are, their effect in determining the engi- 
neering policy is only contributory. 

In subdividing the manual switchboard svstem to reduce cost, 
another element of expense is introduced which tends largely to 
offset the advantages of the subdivision. I refer to the necessity 
for trunking with all of its attendant problems, including the 
provision of extra trunk operators and the difficulty of main- 
taining the standard of efficiency as high as it would be in a 
single switchboard exchange. Тһе maximum efficiency possible 
with strictly manual equipment is reached in the single switch- 
board exchange serving less than 10,000 lines and probably not 
to exceed 8,500. (This contemplates of course the use of sub- 
stantial plugs and jacks, which are impossible in larger switch- 
boards). ; 

For purpose of comparison, and bearing in mind the established © 
standard of efficiency, 1t may be well to note here the necessary 
steps in manually effecting a connection of two lines. Assuming 
modern equipment with so-called automatic ringing and cen- 
tralized battery, the subscriber calls by taking down his re- 
ceiver from the switch-hook, which automatically lights the line 
lamp. The operator notes the signal, picks up the answering 
plug and inserts it in the jack corresponding to the lamp; then 
throws over her listening key and inquires the number; picks up 
the calling plug and advances it selectively to the multiple jack 
of the wanted line; touches the plug tip to the jack thimble for 
test and notes the result; if line is idle inserts the plüg; closes the 
listening key ; presses down the ringing button; observes whether 
the called party answers; supervises the connection; finally 
removes the plugs and restores them to their seats. Should the line 
wanted test busy, the calling plug is not inserted, and the operator 
either advises the calling subscriber of the fact, or connects the 
busy-back signal. For party-line ringing an additional act is 
the sclection of the ringing button. 
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This statement covers the duties of a subscribers’ operator on 
a board having no trunking. The use of trunks introduces not 
only complication, but uncertainty and delay. In most manual 
systems the subscribers’ or A operators communicate with the 
B operators over order wires, which requires the B operators 
after receiving the numbers to answer back and designate the 
trunks to be used in the connections. Uncertainty results, 
because the chances for error are obviously multiplied, and 
delays result which are equally obvious, since each trunk con- 
nection must go through two operators. Both the delays and 
the uncertainties affect the efficiency of the equipment and lower 
its earning power, as well as the efficiency of the service. Ob- 
servation has shown that a very large percentage, rising as high 
as between 80 and 90, of all irregularities reported is due pri- 
marily to the trunking system. As an example of cost, in the 
West Exchange of the Kansas City Home Telephone System, 
the cost of handling trunked calls, amounting to 25 per cent of 
the total traffic, is over 31 per cent of the entire operating ex- 
pense chargeable to that particular exchange. As the Kansas 
City Company has an economical schedule in vogue, this per- 
centage is fairly illustrative of the condition in gencral. 

The limit of subdivision in the manual system is reached 
when the saving in interest charges on the investment in the 
centralized cable and wire plant is balanced by the losses due to 
the increase in operating expense and the lowering of efficiency 
of operation due to trunking. To make this clear, it should 
be understood that in providing for traffic between switching 
centers or exchanges, the number of trunk pairs required bears 
no definite or fixed relation to the number of lines, but varies 
with several factors which must be determined for every plant. 
Assuming a minimum average number of trunks, bearing the 
Same percentage relation to the total number of lines that the 
total load or number of simultaneous connections would bear 
at the peak, there would of course be a very large saving in first 
investment, but it would have to be effected by a perfect sub- 
division of the system into districts or sub-centers which would 
bear a fixed and invariable average relation to each other. 
Perfect subdivision of this kind is only theoretically possible, 
and it can very readily be shown that a saving by subdivision 
of say 30 or 40 per cent, in a large exchange carrying a heavy 
trafic load, in most cases would be offset by the increase in 
Operating expense. For example, reference may be made to 
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conditions in New York, where the trunking runs to over 90 per 
cent in certain exchanges. In Detroit, the average trunking 
percentage for all the exchanges was recently figured over 55. 
A subscribers’ or A operator in these exchanges cannot average 
over 185 calls per hour, while the В operators would average 
about 350 in the busy hour and the general average for 24 hours 
would be under 120 per A operator-hour. The effect of the high 
percentage of trunked calls is apparent when this is compared 
with the operators' averages in exchanges where the trunking 
percentage is zero. In such an exchange an A operator working 
under the method I have outlined can handle between 280 and 
290 calls in the busy hour and the average for 24 hours would be 
about 175 per operator-hour. This will be rcferred to again, in 
connection with the diagrams and tables. 

Next to the limitation imposed by the necessities of trunking, 
the arbitrary arrangement and grouping of subscribers’ lines on 
the А positions must be considered. Тһе switchboard is di- 
vided into sections to which all the lines are multipled with three 
operators' positions per section arranged so that any one of the 
operators can reach a multiple or calling jack of апу line entering 
the exchange. For answering purposes each position is equipped 
with a certain number of answering jacks with their accompany- 
ing signal lamps. The distribution of the lines among these 
answering jacks is arbitrary, and determined empirically by the 
requirements of the service. Inasmuch as no fixed and in- 
variable rule can be laid down covering the percentage of calls 
originating in a given time in any one group of lines, obviously 
the number of answering jacks, or the number of lines to be 
handled by each operator, must be limited approximately by 
average or normal traffic conditions in the busy hour. In the 
Louisville Home Exchange, for example, where the average is 
18.2 calls per line per day, the average number of lines рег 
operator is about 105, and these are all individual lines, no 
party-line service being given. In the Bell Exchange at De- 
troit, where the load 15 very hcavy, the calls averaging оусг 
22 pcr line per day, the number of lines per operator 1s about 90. 
The development of party-lines is about 60 per cent. The 
Louisville exchange serves 10,000 subscribers, with six per cent 
trunking, and an average of 182,000 originating calls per day of 
24 hours. Assuming that there would be 16,500 calls during the 
busy hour, if perfect distribution among the operators could be 
obtained, without otherwise changing the character of the switch- 
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board, a maximum number of 57 operators only would be re- 
quired in the busy hour instead of 63 or a saving of about 10 per 
cent. | 

A number of schemes have been sugvested for securing this ога 
greater saving, all depending on the same fundamental principle 
of automatic intermediate distribution, by the use of a traffic 
distributor. That none of these schemes have gone into general 
use is at least a persuasive arguinent that this sort of distribu- 
tion is recognized as a mere makeshift, and of itself is not at- 
tractive in view of the expense of its installation and the reten- 
tion of the other objectionable features of the manual board. 

In considering the figures given for this distribution, and its 
effect on the number of operators, it should of course be borne 
in mind that below a certain point on the load curve there is а 
loss of efficiency in any system, reached when the total load falls 
below the capacity of one or two operators to handle. This loss 
would be minimized however by the concentration of all calls 
at one part of the board when the load is very light, the effect 
being to save patrolling, which must Бе practiced at present, 
since calls may come in on any position. 

The limitations of the manual board may be briefly sum- 
marized as follows: (1) the necessity for each act required in 
establishing and taking down a connection to be performed by 
the operator “ by hand ”; (2) the arbitrary and empirical group- 
ing of lines on answering positions; (3) the small number of lines 
(relatively to the size of any well-settled district to be: served) 
which can be concentrated at one operating center and handled 
by one group of operators, due to the mechanical limitation of 
space for multiples, and the cost of the cable and wire plant; 
(4) the great loss in efficiency, increase in operating expense, and 
depreciation of the investment in the multiple portion of the 
switchboard, as the percentage of trunked calls rises. 

The existence of these limitations 15 generally recognized by 
companies operating manual boards, but not their extent. 
Traffic men know that at the very peak of the load in any ex- 
change the number of plugs and cords in simultaneous use 
rarely exceeds 333 per cent of the total number provided, which 
means an over-provision of 200 per cent of connective ap- 
paratus, with its attendant keys, signals, relays, ctc., neces- 
Sitated by the fact that one group of lines may be very busy 
While another group is comparatively idle. Some companies, 
Where the trunking percentage exceeds 85, omit the multiples 
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entirely from their A boards. The cost of these multiples con- 
stitutes a very large percentage of the total cost of the board, 
and this cost is not justified when their maximum possible cffi- 
ciency (which is low in itself, due to other factors,) is reduced 
by something like 85 pcr cent; but their omission increases 
operating expense, and introduces additional error, because it 
necessitates the trunking also of the remaining 15 per cent of 
calls, giving really 100 per cent trunking. 

Apart from the first cost and the expense of opcrating, the - 
cost of maintenance on a manual switchboard is out of all pro- 
portion to its efficiency. А vital part of such a switchboard is 
the equipment of cords and plugs, and the renewal of cords re- 
quires constant attention and causes continuous expense. Моге- 
over, it needs only a moment's reflection to appreciate the effect 
of defective cords on total efficiency of the service, and іп part 
on its most vital feature, that of transmission. A cord com- 
mences to depreciate the moment it goes into service, and in 
spite of renewals, the cords along the board can never be at 
100 per cent efficiency as compared with other portions of the 
circuit. Inasmuch as every conversation takes place through 
some cord, it follows that so much of the transmission as depends 
upon cord efficiency can never equal that through other portions 
of the circuits consisting of solid wires and the good metallic 
contacts of well made plugs and jacks, and keys. 


AUTOMATIC SYSTEM 


Turning now to full automatic methods, we recognize that a 
number of the limitations and disadvantages of the manual 
switchboards are thereby eliminated, but others are added which 
are unavoidable, even in the best automatic systems. It is 
true that the full automatic system is much more flexible than a 
manual system could be, permitting subdivision to an extent 
which in manual practice is impossible, and it is also true that 
the operator factor 1s to а certain extent reduced. It is equally 
true, however, that there are mechanical and electrical limita- ' 
tions to subdivision, that a certain number of operators are un- 
avoidable and constantly required, that the first cost and cost 
of maintenance of a system are considerably increased by the 
location of sending devices at all subscribers’ stations, and that 
а merctricious and contradictory method of operation is adopted, 
which in itself constitutes not only a departure from sound 
fundamental principles, but also a limitation, felt in proportion 
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to the diversity of and increase іп misccllaneous traffic. То 
put this in a word, the human element which is indispensable to 
the rendition of good service, whether by mechanical or other 
means, is removed from contact with the calling subscriber, who 
is forced to do his own operating. 

A certain percentage of operators have been found indis- 
pensable, however, in all automatic exchanges of any size. Pay 
Station lines, many branch exchanges, trunk positions for branch 
exchanges, trunk positions for long distance, and the like, all 
require operators just the samc as they do in the manual systems, 
and in addition a certain number of persons, whose functions 
are not always clearly suggested by their titles, are and of ne- 
cessity must be employed to render first aid to the injured, or 
otherwise stated to connect themselves to lines which have diffi- 
culty in mechanically effecting selection of other wanted lines, 
and either digitally or clectrically assist the switches to perform 
their normal functions. Off normal lamps and various types of 
trunk signals, when supplied, together with the keenly trained 
sixth sense of these persons, enable them to locate apparatus 
which is not properly working, and having some expert duties, 
it may safely be assumed that in every exchange their average 
рау 15 at least $60 рег month, which is double the pay of a good 
manual operator. 

In certain typical automatic plants, notably one serving 
10,000 subscriber lines in a large city in Ohio, without any party 
line service, the number of these mcechanicians is on a basis of one 
for every 700 lines. Taking these as equal to double the number of 
ordinary operators in point of wage, we have the cquivalent of 
about 29 ordinary operators, serving 350 lines per operator. 
In addition to the automatic equipment, a manual switchboard 
is provided at which the operators handle private branch ex- 
change trunks, pay station lines and the likc. At all but five of 
the private branch exchanges manual operators are employed. 
The use of manual equipment supports the previous statement, 
and moreover the automatic equipment is concentrated, and the 
manual equipment 1s subdivided, so that to a large extent the 
peculiar advantages of both are lost. It should be here stated 
that in the plant referred to, out of 83 private branch exchanges 
78 are equipped with manual switchboards handled by local 
operators, and only five are fully automatic. 

These figures are rendered more significant by the fact that 
the traffic originating in private branch exchanges in any city 
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is far in excess of the average calls per line throughout the rest 
of the system. Thus the largest users of the service in this 
system are handled by manual mcthods practically to the exclu- 
sion of automatic. 

The sending devices or dial machines located at all the sub- 
scribers’ stations in any automatic system are objectionable for 
three reasons: the first is the original cost; the second, added cost 
of maintenance and increased hability to derangement and conse- 
quent poor service due to instrument defects; and the third, the 
uncertainty in transmission of controlling impulses for switches, 
over lines of varied length and resistance, which morcover are 
exposed to varying external conditions. 

The simplest form of subscribers’ sender is a dial or equivalent 
key controlling a pair of contacts in the metallic circuit. It need 
scarcely be pointed out that this insertion of another contact in 
the talking circuit is in itself a detrimental feature. Passing this 
however, and without criticism of specific designs of senders, 
it may be stated that the first cost of the sender, plus the іп- 
vestment represented in interest by the annual maintenance 
charge added thereby, more than doubles the cost of the sub- 
scribers’ equipment, as compared with a simple manual common 
battery telephone set. Тһе increase in cost alone of a fully 
equipped automatic telephone over corresponding types of 
manual tclephones is more than 50 per cent allowing nothing 
for added maintenance. 

Again, the repeating relays which respond to line impulses and 
directly control the switches, must be balanced against their 
respective switch operating magnets. Ав these relays are 
forced to work on current impulses transmitted through lines of 
varied length and resistance and with many different senders, 
it is apparent that the working must be to some extent marginal, 
especially between widely separated centers. 


MANUAL Vs. AUTOMATIC OPERATION 


The subseriber in the manual system is sold service, there 
being a difference in degree only and not in kind, between this 
service and that rendered by a messenger company. The first 
requirement for such service is special capacity, and for this 
training and discipline are both indispensable requisites. A 
messenger company trains its employes, and the manual tele- 
phone company trains its operators, and in addition maintains 
discipline almost military in its strictness. But the requirements 
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made of an operator in handling common battery manual switch- 
board appliances are but little more exacting or onerous than 
those imposed in the handling of his calling dial and the manipu- 
lation of ringing button, on the automatic subscriber, who has no 
advantage of acquired poise and methodical habit, as have the 
manual operators. However, the question of efficiency only in 
the purely mechanical work of handling apparatus cannot be 
considered without taking into account the mental attitude of 
the subscriber toward an agency which has already passed be- 
yond the realm of luxury, and become an absolute daily de- 
pendence in every function of social and business life. Taken in 
the mass, subscribers must, and observation shows they do, 
look upon the telephone company not in any case as an ag- 
gregation of mechanism, but as a responsible medium and 
agency to which they can safely entrust a certain portion of 
their business. This attitude becomes insistent as social rela- 
tions become closer and more complicated with their increase. 
The question is therefore one of policy as well as mechanical 
possibilities. 

For the specially trained and poised manual operator, the 
automatic method substitutes the untrained, undisciplined sub- 
scriber exposed to conditions so variable that they are re- 
sponsible for a considerable percentage of the errors and re- 
ported troubles in even the best manual systems. Uniform and 
efficient operation of mechanism under such conditions 1s prob- 
lematical, and no fair test has yet been afforded on a sufficient 
scale, and with a widely enough extended full-automatic area to 
furnish satisfactory affirmative arguments for the principle of 
subscriber-operation. 

The saving effected in operators by the use of a full auto- 
Matic system, it may safely be assumed from the facts hercin 
Stated, is only a percentage saving which varies with traffic 
and other conditions, but would probably never exceed 50 
Per cent under the most favorable conditions, even allowing 
for the switchboard men and other skilled employes in the 
Manual exchange. Against this saving are to һе set in- 
terest on the extra first cost and the additional maintenance 

On the subscribers’ instrument equipment, due to the addition 
Of senders. This cost in a 10,000 line exchange may be estimated 
at not less than $25,000, and the extra maintenance charge at 
Not less than $5,000, or a total annual figure of not less than 
$6,250, not including depreciation. Тһе depreciation factor is 
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relatively high, because the subscribers’ sender is not only 
exposed to constant use, but unskilled use and accident as well. 
Reports show sender trouble as high as 65 per cent of all instru- 
ment trouble. The figure given may therefore be regarded as 
conservative. The salaries of 80 operators, at an average of 
$25 per month would be $24,000 a ycar, so that more than 
25 per cent of the saving in operators’ salaries 1s represented by 
the additional outlay for the subscribers’ automatic equipment 
alone. 

The point to consider therefore is whether a reduction in 
operating expense, assumed at an unabsorbed maximum of 
37% per cent, is sufficient to justify depriving the subscribers of 
any direct access to human intelligence, slowing down the 
service, rendering it uncertain, and finally removing the principal 
ground for confidence on the part of the subscribers. In an ex- 
change like that above mentioned, where a large percentage of 
calls is handled manually in any case, the reduction would un- 
doubtedly be much less than this figure. Another point is that 
the constant growth and expansion in any territory must lead 
to more complicated operating conditions, and a consequent 
increase in the percentage of enforced manual operating. 

It is generally accepted by traffic men and engineers that the 
most important step in handling traffic is to effect quick and sat- 
isfactory initial connection of a calling subscriber with the central 
office agency, of whatever nature. In a manual system, it 
may be taken as axiomatic that if a subscriber is given quick 
response to his calls, subsequent delays are secondary in their 
effect, but delay in answering is fatal to good service, because it 
immediately destroys the subscribers’ feeling of confidence. It 
is at least partly to meet this condition that the provision of the 
so-called mechanicians is made in the automatic exchange, 
which in meeting one objection creates another, because the 
claim of secret service cannot be supported when a force of 
employes is provided regularly equipped for the express purpose 
of listening in when the switches do not work properly. It is no 
answer to this objection to say that eaves-dropping is possible 
in any system; because unwarranted listening-in is rare where 
it is not within the regular province of employes, and where 
proper discipline is maintained. Even in the manual exchange, 
if the operators are required to supervise connections by means 
of their signals, the occasion and opportunity for eaves-dropping 
are lacking. Moreover, this condition is provided for in modern 
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manual systems by means of a special signal lamp connected 
with the listening keys of cach position, and under constant 
observation of a monitor. Тһе flickering of this lamp indicates 
routine work, but its steady burning enables the monitor to cut 
in her telephone on the corresponding position and at once 
detect any eaves-dropping. The provision of such supervisory 
means for peripetetic and unattached employes would be difficult 
if not impossible and certainly very inefficient. 

In considering this whole question of human agency vs. 
answering machine, due regard must be paid, it should be re- 
peated, to the manifold complications constantly arising in 
modern traffic, which if a high standard of efficiency is to be 
maintained, require human intelligence. Any method which is 
based on the assumption of 100 per cent normal operating con- 
ditions must fail to satisfy actual conditions in practice, and even 
granting for the sake of argument that such normal conditions 
prevail in the service of business districts during a part of the 
time, this takes no account of the uncertain character of residence 
communications, where the discipline due to general business 
experience and training is unavoidably lacking. А calling 
subscriber whose condition, or environment, or time, prce- 
vents his giving intelligible instructions to an operator, in a 
deliberate and normal manner, would certainly not be able to 
operate mechanism normally. In the automatic system mis- 
guided operation must extend its effect not only to the line 
calling but to the lines of other subscribers, and there is no means 
of detection unless the subscribers who have been annoyed 
call in to the information operator or trouble clerk, which in the 
majority of cases would not be done. In a manual system, after 
a wrong number is called, it is apparent to the operator, either by 
direct report from the subscriber or by her own observation, 
and this enables records to be made with some degree of ac- 
curacy, as well as a remedy for the trouble applied. Moreover, 
incomplete or defective instructions to the operator of a manual 
board, due to ignorance or mistake of the originating subscriber, 
are at once apparent, so that the call can be blocked, and further 
annoyance prevented. ТаКе another example: Peg counts 
have been taken where there are competing systems in the same 
territory, showing that it 1s a frequent occurrence for calls to be 
made over one system for numbers in the other. Where one of 
these competing systems is automatic, and the other manual, 
such calls on the manual systems are readily blocked, but there 
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are no means in the automatic system for blocking calls for 
numbers taken from the manual directory. 


AUTOMANUAL SYSTEM 


The fundamental principle underlying the Clement auto- 
manual system is this, that the calling subscriber should be met 
at once by the response of a human intelligence which can direct 
the proper automatic agencies to satisfy his wants; or in other 
words, that the correct method of handling telephone traffic 
is to sell service, and not rent apparatus. The analogy in this 
respect between a telephone company and a telegraph or mes- 
senger company is striking. Each is a conveyor of communica- 
tions, and fundamentally it would be quite as correct for the 
messenger company to rent bicycles to its patrons, so that they 
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Fic. 1.—Automanual operating equipment—Ashtabula Harbor 


might deliver their own messages, as to rent mechanism to tele- 
phone subscribers for the same purpose. The analogy extends 
even to the point of secret service, because if it were claimed that 
the renting of bicycles would enable patrons to deliver their 
messages secretly, then this claim would obviously be defeated 
by the provision of a corps of trained bicyclists for the express 
purpose of watching and helping distressed amateurs to their 
destination, in order to see that each message is correctly deliv- 
ered. 

Stated broadly, the automanual is a combination of the 
manual and automatic methods which contemplates (1) cen- 
tralization of automatic apparatus; (2) the employment and 
concentration of operators; (3) correct subdivision of a system 
for traffic handling. 
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I will amplify these three points a little before describing a 
typical system. First, the apparatus is all concentrated at ex- 
change centers, the subscribers’ lines and telephones being re- 
duced to the naked common battery type, which is the limit of 
simplicity at present attainable in апу system. The substation 
construction, and the connection and distribution of lines at 
the exchange centers are the same in the automanual system as 
they are in any modern standard common battery system. The 
method can be applied to magneto lines 1f desired, but this would 
only be called for now in the case of rural or toll lines. With 
regard to the operators, I have restricted them to the only in- 
dispensable and essential function requiring intelligence, that is, 
ascertaining the subscriber's want, and setting up a signal by 
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which automatic apparatus may be caused to supply that want. 
The regular duty of a subscriber’s operator permits no departure 
drom this rule, since even emergency calls can be handled by 
Switching them to another operator specially provided for such 
duty. Тһе automanual operator works at 100 per cent effi- 
ciency all the time, and since her duties are simple and unvary- 
ing, she has the opportunity of becoming expert, and moreover, 
requires no tedious or expensive preliminary training. It has 
been found that one day's training will suffice for an auto- 
manual operator, as against three month's experience for manual 
Operators to produce corresponding efficiency. The actual 
preliminary training period, before putting the operator in touch 
With subscribers, is about one-half hour for the automanual 
Operator as against three weeks for the manual operator. Тһе 
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manual operator may require additional training if sent to a 
different exchange in the same city, where key board apparatus 
is different, as well as the arrangement of multiple; special train- 
ing 1s also required to fit an A operator for the duties of a B 
position, or of a paystation operator. In the automanual, 
the method of operating is standard in all exchanges and under 
all conditions. 

It is possible to concentrate all the operators at a single oper- 
ating center, which can take carc of all the switching or exchange 
centers in a district or even in an entire city, handling all calls 
with maximum efficiency, and giving uniform service regardless 
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of the nature of the calls, or the time of calling, twenty-four hours 
per day. This concentration, and the distribution of the total 
load over a single group of operators, without regard to where 
the calls originated, effects great economies by eliminating all 
but the summatic load fluctuations, to which the total number of 
operators on duty is at all times directly proportional. A 
farther gain in efficiency is due to better discipline and control 
of the operators where they are concentrated. Perfect subdi- 
vision, within physical limits peculiar to each territory served, 
is possible with this system, and the benefits of operator-cen- 
tralization are realized regardless of the extent of subdivis- 
ion. Morcover, no talking trunks or talking apparatus are 
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tied up beyond the actual point of entry of the calling line 
until the operator’s duties are concluded. I call this a 
" clearing-house system ”, because all traffic is handled, directed 
and checked from the operating center or clearing-house, without 
any subscriber connections passing through the operating center. 
The cable plant between switching centers is designed with a 

sole view to traffic requirements between these centers, and with- 
out any regard to the location or connection of the operating 
center. 


Fic. 4.—Switch 


Fig. 3 is a simplified skeleton diagram showing the general 
lay-out of an automanual exchange equipment having a ca- 
pacity up to 10,000 lines. In this diagram, five subscribers’ 
lines are shown, one of which is a five-party line, two others are 
four-party lines, and the remaining two are individual lines. 
Ringing is supposed to be five party selective. 

In this diagram, for the sake of clearness, only the most ele- 
mentary forms of apparatus are shown. The switches, however, 
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are supposed to represent two-motion, one-hundred-point, elec- 
tromagnetically-driven, step-by-step automatic units, of uniform 
type, shown in Fig. 4. Percentage trunking is employed 
throughout the system shown, and the switches are equipped 
with banks (not shown in Fig. 4) containing ten vertical rows 
of ten contact pairs each. Тһе motion is around and up, this, 
precedence of the rotary motion affording certain advantages. 
The entire system is built up of interchangeable units. 

The method of aggregating units was adopted in the very 
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Fic. 5.—100-line unit frames—Ashtabula 


beginning of my work, partly as a matter of convenience, but 
principally with a view to efficiency and economy in manufac- 
ture. It is followed in this manner: The individual or unit 
switch is composed of a certain number of interchangeable 
units, such as the spindle with its wipers, the frame, and inter- 
changeable operating magnets; each switch or trunk circuit, such 
as the primary and first selector, the second selector and the 
connector equipment, is assembled complete as a unit, the latest 
designs having steel mounting plates upon which the unit 
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switches with their relays, condensers, etc., are mounted and 
wired up complete, previous to being assembled on the racks; a 
sufficient number of switch plates, with the line and cut-off 
relays, lamp strips, and other accessories, are mounted on a frame 
section to form a 100-line unit; and finally these 100-line unit 
frames are aggregated to build up the full exchange equipment, 
adding thereto of course the operators’ and wire chief's desks, 
power plant, etc. Five of these frames are shown in Fig. 5, 
which represents the Ashtabula equipment, with the wire chief's 


Fic. 6.—Automanual switch-room—Warren, Ohio., showing main frame 
and secondary switch panel 


desk in the foreground. The operators’ desks are in a separate 
room. Ten similar units are shown in Figs. 6 and 7, which 
Show the Warren, O., equipment. 

In Fig. 3, the circuits have been laid out so as to show in a 
simple way the analogy between this system and a manual 
Switchboard system, the same operations being performed in 
the same manner throughout, but automatically instead of 
manually. For example, the subscribers’ lines terminate on 
primary selector bank contact swhich correspond to the answer- 
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ing jacks of the manual board, and they are also multipled 
to calling contacts in the banks of the connector switches, which 
correspond to the multiple jacks on the manual board. 

The wipers of the primary selector switches constitute the 
equivalents of plugs which coóperate with the subscribers’ answer- 
ing jacks, but are mechanically driven thereto instead of by the 
hand of an operator. The first selector switches similarly cor- 
respond to the calling plugs of manual pairs, and the first selector 
trunks extending between the primary and the first selector 
switches are the equivalents of the cord circuits. The second 


Fic. 7.—Automanual connecting-switch racks—Warren, Ohio., showing 
arrangement of 100-line units 


selector and connector trunks are the same as trunk lines between 
different positions on a switchboard, the method of switching 
at each step corresponding to the selective insertion of another 
plug to add another link in the connection by a manual operator. 
The secondary selector switches constitute the equivalents of the 
operators’ keys associated with the cord circuits, and the sending 
machine operated therethrough sends impulses to work the 
selector and connector switches, instead of spoken words to 
direct an equivalent number of successive operators. The 
primary distributing switch performs the function of the opera- 
tor’s mind in selecting an idle cord circuit for any given connec- 
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tion, and the secondary distributing switch is the equivalent 
of a monitor distributing calls among the operators, by directing 
each one of them when to answer. 

The ringing selector switches take the place of the selective 
buttons of B or trunk operators so that the selection of the de- 
sired generator to ring a particular subscriber is directed by 
impulses from the sending machine, instead of by spoken words 
proceeding from the original or A operator. То complete the 
analogy, the releasing means for all the switches when in service 
are controlled by the connected subscribers, thus corresponding 
to the supervisory signals, by which in a manual system the 
subscribers can instruct the operators to clear out. 

All subscribers’ lines are represented by terminals in the 
primary selectors and in the connector banks, and while the 
method of trunking shown is only a contributory feature of this 
lay-out, the diagram will be fully described, for the benefit of 
those who may not be entirely familiar with this class of circuits. 
I might state in passing that there are a great many features of 
special design in the automanual circuits, but they involve so 
much detail that the limits of the present paper do not permit 
my presenting them at this time. 

The progress of a call is from the calling subscriber through an 
idle primary selector, which becomes automatically attracted 
to his line, and thence through a secondary selector, similarly 
attracted, to an idle operator. Under no conditions is this de- 
parted from. The principle is that the operator should be 
brought into direct touch with the subscriber at the very 
Outset, precisely as іп a manual system. Having ascer- 
tained the number, the operator sets up this number on her 
key set (Figs. 10 to 12) and sends impulses through her cir- 
cuit to the first selector, second selector, connector, and ringing 
Selector switches, thus establishing the wanted connection and 
also starting agencies in the connector circuit which continue 
thereafter automatically to ring until the called subscriber 
answers or the calling subscriber hangs up the receiver. After 
initiating the call, the calling subscriber’s line is connected 
through the primary and secondary selector switches to the 
Operator in every case, and, further movement of a subscriber's 
hook or the repeated opening and closing of the circuit, will not 
Teach more than one operator, and cannot disturb general traffic 
Conditions. This happens sometimes through change of purpose 
or the like, and it is highly essential that the automanual operator 
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should not experience the slightest delay, nor pay attention to 
anything except the rigid rule of getting the number and setting 
it up. After the operator has answered the calling subscriber 
is given full control of the connection, and can clear out and 
release all of the apparatus at any time up to the moment 
when the called subscriber answers. Thereafter, the called 
subscriber assumes control of the connector switch, which he 
can release so as to clear his line by merely hanging up his 
receiver. This prevents tying up the called line. 

When the operator connects the sending machine to the 
switches, through her key set, impulses are sent in groups cor- 
responding to the several keys depressed, that is to the number 
wanted, as well as to the number of the generator required to 
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ring the wanted party, if it be a party-line. The first group of 
impulses steps around the first selector switch to pick out a group 
of second selector trunks, and an idle trunk in that group, leading 
to the wipers of the second selector switch. The second group 
of impulses works this second selector switch to pick out a 
group of connector trunks, and an idle trunk in that group, termi- 
nating on the wipers of a connector switch in whose banks appear 
the terminals of the wanted line. Successive groups of impulses 
are then transmitted to step the connector wipers around and 
up to the wanted line terminals. 

Associated with each connector switch is an auxiliary or 
ringing selector, having a wiper sweeping over terminals which 
are connected to several ringing generators, as shown, each of 
which supplies current at a distinctive frequency. In actual 
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practice, for five-party ringing, the frequencies are determined 
so that they cover about the same range as the older four-party 
harmonic frequencies, without the same liability to interference. 

For these auxiliary selectors, in this and other parts of the 
system, a simple form of rotary switch is employed, shown in 
Fig. 8. The magnet unit in this switch is the same as the inter- 
changeable units employed in the larger switch, and the wipers 
are always rotated in the same direction. 

At the last stage in a connection, when the wanted sub- 
scriber’s line has been picked out by the connector switch, and 
the ringing selector has been set so as to bring into service the 
proper generator, that generator is then automatically con- 
nected by a ringing relay to the subscriber's line to ring his bell. 
At all other times the ringing selector remains disconnected. 

The control of the primary selector switches is through relays 
on the switch racks, responsive to line current. These relays 
complete local circuits to place 
test potential on the test con- 
tacts of the primary selector 
switches, and at the same time 
close starting circuits for the 
idle trunks and operators. А 
type of relay 15 employed both 
for the lines and switches, 

Fic. 9.—Relay shown in Fig. 9, which is the 
result of much thought and 
experiment. This relay has the flux bar bent over at both ends, 
the inner end being screwed to the rack, and the outer end 
carrying the adjustment for the magnet core. The bell crank 
armature is dropped through a slot punched in the flux bar near 
the rack end, and the springs are mounted on this same end, so 
that both the armature lever and the springs extend forwardly. 
This construction gives a long leverage with a very small air gap 
which is essential for this class of work, and also exposes the 
Core adjustment and spring contacts. 

The operation of the secondary selector switches is essen- 
tially the same as that of the primaries. Ав soon as the primary 
distributing switch has determined the primary trunk to be 
connected to the calling line, the secondary or operator's switch 
tests until it reaches the trunk, where it stops, and remains 
connected to the trunk until finally released which may be, by 
the calling subscriber hanging up after the operator has answered, 
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or at the conclusion of a cycle of impulses, whereby a com- 
plete connection is established. The interrupters and sending 
machine are timed so as to deliver at the rate of about one 
thousand impulses per minute, with the battery voltage normal. 
Any drop in the battery which would affect the switches is 
compensated by a corresponding drop in speed of the sending 
machine. At the normal speed stated, however, a high number 
line in the calling group and a high number trunk in the cor- 
responding group, can both be found and connected in less 
than one and a half seconds. Where the numbers are low, the 
action is practically instantaneous. 


Fic. 10.—Automanual operators desk with three key-sets. Ashtabula 
Harbor, Ohio 


Each operator has three key-sets mounted on a suitable desk 
(Figs. 10 and 11), each having associated with it certain signals 
which guide the operator in the performance of her duties. Тһе 
key-set in general appearance and arrangement is quite similar to 
the key board of an adding machine or typewriter (see Fig. 12), 
consisting of a number of strips of ten keys each (see Fig. 13), 
numbered from one to naught in each vertical row. Опе of the 
signals associated with these keys is a calling lamp, which is 
lighted automatically when the key-set becomes connected 
through the secondary switch to a first selector trunk already 
connected to a subscriber’s line. Observing the signal, the opera- 
tor asks the subscriber for the number wanted, and proceeds 
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to depress the corresponding keys or buttons. She then presses 
a separate starting key, and groups of impulses, correspond- 
ing to the buttons depressed, will thereupon be transmitted as 
already stated. The wanted subscriber’s bell is automatically 
rung at intervals until the call is answered, but in the meantime 
it is both unnecessary and undesirable to hold the operator 
and so the secondary switch is cut off automatically by the 
sending machine as soon as the ringing starts. 

In practice, duplicate sending machines are arranged as shown 
in Fig. 14, with gang switches enabling either to be thrown in or 
out in case of necessity. Each machine comprises a cam drum 


Fic. 11.—Operator’s desk 


working ten pairs of number contacts, with separate controlling 
contacts and a commutator. On one side the commutator is 
Brounded and on the other connected to al! of the number spring 
Sets, and the number cams are so located that in the rotation of 
the drum they make and break at points of zero potential on the 
commutator, thereby avoiding sparking at the selective termi- 
nals. Тһе operator's key-set is normally disconnected from the 
Sending machine, but is connected thereto when the starting 
button is pressed, by means of a switch or relay, and after 
the whole number of groups of impulses has been transmitted, 
the Secondary selector is released automatically. 

here are a great many other features which I would like to 
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mention here, but I believe this brief description will render | 
the general operation of the system clear and enable the tables 
and curves which follow to be read understandingly. It is 
pointed out that from the moment the calling subscriber takes 
down his receiver until the calling lamp lights before the se- 
lected operator, that operator has no duty to perform nor is her 
attention distracted. Ifin the course of events there should be 
waiting calls, they do not appear before the operators until the 
latter are free to attend to them, which is an important point. 
The instant a signal appears, however, the operator being free 
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Fic. 12.—Key board closed and open 


disposes of that call. The minimum answering time in this 
system is practically zero. In handling a call, the operator has 
only the buttons to depress, and as shown in Fig. 13, these are 
especially designed to require as small an expenditure of energy 
as possible. The swinging bar engages the locking flanges on 
the different key stems, but the keys are raised by light coiled 
springs. It is unnecessary to release a key for correction as the 
depression of another key in the same strip releases the one 
previously set. 

The description of operation which I have given applies of 
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course to trunking between exchanges as well as to connecting 
lines in the same exchange. The operation is no different, since 
the trunks between switches may extend any distance. Ob- 


Fic. 13.— Key board buttons 


viously only one set of operators is required, because all working 
impulses go forward though the first selector trunks, that is to 
say from the operator, through her trunk to the point where the 
call originated, and then forward through the talking trunks 


ГІШ " 


Fic. 14.—Duplicate sending machines 


or links as they are built up. Thus, no talking trunk is brought 
into service or tied up until it is actually required, and more- 
Over, since the subscribers automatically release when they hang 
ЧР, no trunk is tied up an instant longer than is required. 


578 CLEMENT: TELEPHONE TRAFFIC [April 25 


‚ Fig. 15 is a diagram showing the clearing-house connected 
to three exchange switching centers, A, B, C, directly con- 
nected by talking trunks T T shown in light lines, and all con- 
nected to the clearing-house by special or operators’ trunks 
O T shown in heavy lines. At each of the exchange centers three 
subscribers’ stations are shown connected to the primary se- 
lector switches P SS, and the selective switches, S S. Тһе opera- 
tors’ trunks have secondary selectors O S, containing in their 
banks terminals for the primary selector links. At the'clear- 
ing-house the operators’ trunks OT are arranged for distri- 
bution among the operators’ key sets in a manner similar 
to that shown in Fig. 3. It will be observed that the talking 
trunks T T between exchanges, which carry the traffic load, are 
absolutely independent of the operators’ trunks, and have no 
relation whatever to the clearing-house. The operators’ trunks 
are worked at 100 per cent 
efficiency all the time, each 
being tied up for any call 
during a period of a few 
seconds only while the wanted < | 
connection is being estab- +7 hag és trot 
lished and being then free ЁТ N 
to take on another call and 
so on. The number of these 33 
trunks required to any switch- und M 
ing center is proportional to Fic. 15 
the originating traffic therein, 
and would usually be less than one per cent of the number of 
lines terminating at that center. Тһе course of a connection 
may be traced as follows: 

Suppose a call to originate with the first subscribers' line in 
the exchange А. This is automatically connected to an idle 
primary selector switch, P S, thence through the link of that 
switch to an idle secondary selector switch O S, and ап operators’ 
trunk line ОТ to an idle key set at the clearing house. Thus 
the calling subscriber is confronted by the operator at the instant 
of his access to the first piece of apparatus, that is the primary 
selector in his own exchange, in the same manner that he would 
be confronted by a manual operator physically present in that 
exchange. Тһе operator in this case having ascertained the 
number wanted, sets it up on her key set (Fig. 12), and presses 
the starting key. Impulses are then transmitted from the send- 
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ing machine at the clearing-house, out over the operators’ 
trunk, through the secondary selector at exchange 4, to the first 
selector switches of the set S S which is permanently connected 
to the primary selector P S to which the calling subscriber is 
temporarily connected. The impulses corresponding to the 
first digit of the number cause the first selector switch 55 to 
select a local connector or selector, or a trunk leading to the 
desired exchange, which we will assume in this case to be B. 
The trunk terminates there in a second selector switch SS 
and the impulses corresponding to the next digit cause this 
second selector to pick out either an idle connector containing 
the line wanted, or an idle third selector through which the 
connector can be found by a fourth set of impulses, depending 
on the size of the exchange B. 
As soon as the connection 15 
completed, that is to say, as soon 
‚, аѕ one complete cycle or set of 
° impulse groups have been trans- 
mitted from the sending ma- 
chine, its connection with the 
operators' key set is automatic- 
ally opened, and the secondary 
selector O.S at the originating 
exchange, А, automatically 
drops off and disconnects the 
operators’ trunk, being im- 
Fic. 16 mediately thereafter available 

for another call. Thus, the 

Operators' function having been fulfilled, in accordance with 

the rule hereinbefore stated, with the least expenditure of 

time or energy by the operator, she is instantly relieved, free 
to take another call, and the control of the connection through 
the talking trunks and switches remains entirely with the 
Connected subscribers. When they hang up their receivers, all 
ue switches are instantly cleared out, and ready for further 

Se. 

_ Fig. 16 shows the clearing-house principle applied to a sub- 
divided system having four districts, A B C D, the first of which 
has sub-centers 41 42 АЗ А4, the second sub-centers B1 B2 

З B4, апа зо оп. Тһе clearing-house С H is connected through 
Operators’ trunks О T, the method of handling calls being the 
Same as that explained in connection with Fig. 15. 
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COMPARISONS OF SYSTEMS 


In order to arrive at a true comparison of the actual labor 
required of the manual and the automanual operator in handling 
a call, the following analytical tables have been prepared, giving 
а unit energy value to each of the different movements required 
of each operator and assigning that value in accordance with the 
judgment of traffic experts. 


TABLE OF COMPARATIVE WORK UNITS BASED ON NUMBER OF 
MOVEMENTS OF AN " A" OPERATOR IN HANDLING A LOCAL CALL 


Auto 
Manual manual 
1. Operator to note line хірпа!............................. 10 3 
2. қ insert answering ріпр....................... 50 0 
3. д “ open key and say “ number ”................ 30 5 
4. ii * pick up Calling рЇ\ии......................... 30 0 
5. я “ reach for.and test multiple..... ОРЕ 75 0 
6. s * insert calling ріпр.......................... 50 0 
7. 3 О ект АСЫРЫ жаны РӨ 25 0 
8. к ^ set up питЬБег............................. 0 25 
9. ш “ ring called рагї!у............................ 15 0 
10. S “ press starting М %оп........................ 0 5 
11. « * observe disconnect бірпа!.................... 10 0 
12. y “ disconnect both согб5....................... 75 0 
Тасрароича ано Td а ДӘ 370 38 
EXTRA MOVEMENT ОЕ “А” OPERATOR IN HANDLING A “В” CALL 
13. Operator to depress order wire Байоп................... 15 0 
14. " “ ask for trunk аввірптепі................... 30 0 
15. * “ depress branch exchange button............. 0 5 
ОА А еи ТЫНЫ ЫНА диам 45 5 
MOVEMENT ОЕ “В” OPERATOR IN HANDLING A CALL 
16. Receiving order for trunk and assigning same.......... 15 0 
17. Observing and assigning idle (тапЕ...................... 15 0 
18. Pick up trunk assigned and reach for multiple.............. 100 0 
19. Test multiple }асК..................................... 10 0 
20. Insert plug in multiple ҘасК............................ 50 0 
21. Ring-called party алла dub за АРЫМ IR CES dO ew 10 0 
22. Observe disconnect signal ............................. 10 0 
23. Take down {гипК..................................... 50 0 
ОБАЛЫ» ала манадан ыды ына ыы ha 260 0 
Grand О uve» E tes a eee E 675 43 


It will be noted that in the handling of a purely local call the 
manual operator is represented in 370 work units as against 
38 work units for the automanual operator while in the handling 
of a trunked call the manual operator 1s represented in 675 work 
units against 43 for the automanual operator. 

In addition to the foregoing comparison of mental and mus- 
cular effort, it is possible to represent in foot-pounds the work 
done in lifting the plugs, cords, and weights, overcoming the 
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friction of the cords against their associated plug seat walls. 
In one thousand completed connections and disconnections, 
about 2,917 ft-Ib. of energy are expended by the manual operator, 
that are not required and are not expended in the corresponding 
work of the automanual operator. The manual operator may 
average 250 calls per hour, but the automanual operator easily 
handles 1000 calls per hour, so that a saving of 2,917 ft-lb. per 
hour must be credited to the automanual system. This is pre- 
sented as evidence that my purpose of relieving the operator of 
all unnecessary work is fully accomplished. I believe this saving 
is translated directly into terms of higher efficiency, not only 
increasing the number of calls handled, but cutting down the 
percentage of error by the lack of strain on the operator. 

The following tables represent three sets of service tests 
made on a commercial automanual switchboard under actual 
Operating conditions. Each test represents the total time 
consumed by the operator in observing the call, depressing the 
listening key, pronouncing the word ‘‘ number ", repeating the 
numeral as it is given, setting up the same on the key set, and 
finally depressing the starting key. It should be particularly 
noted that this is fotal time per operator call, and not merely 
answering time, which is what the manual companies usually 
give. 

First 100 Records 


Longest individual регіоб.......................................2....... 12.40 sec. 
Average five longest individual регіойб.................................... 7.44 “ 
* ten к Ы о И 6.34 “ 
Shortest " Ж nexu Ст ТЫ Mt madura t T LEE E 1.60 * 
five * * 5. ЫЗА УУ қоны ЛЛК ae О УЛЛУ 1.92 * 
ten * т КО ООО ГО ЛУ болме Т ООО КЕК? 1.96 * 
entire 100 records “ a ОК ОК УК УО ОК КОЛЛ ОЕ СЕ OBS 
Hourly rate at which calls were being handled.................... 1060 
Second 100 Records 
Longest individual period 6 ааа ew ORR oR DP AS 7.60 sec. 
Verage five longest individual регіоб.................................... 5,52 “ 
ten ш " ANE cc ERR иен 5.34 * 
Shortest “ КОЛКО ЛЕК е Е тие а ыр 2.00 * 
five shortest s Жога teeth о E 2.04 “ 
ten ы “ NCC ТИК Ma ok a See E T E 2.18 * 
entire 100 records “ OL Apacs мем каны ката wae eee 3.374 * 
Hourly rate at which calls were being handled.................... 1067 
Las Third 100 records 
о individual регпїой................................................ 5.40 “ 
age five longest individual регіоб.................................... 5.32 4 
ten % s OS” dios dard ылары аа ом 4.44 * 
Shortest s оо AETA EE ANE Ж 1.60 “ 
five shortest “ а о ned eee ее УНЕМ 1.65 “ 
ten © * ag rrr EE ETE 1.80 * 
entire 100 records “ 


ол 
(Ж 
to 
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The first and second records were made by the same operator, 
and the third record by another, but neither of the operators 
knew that the record was being made. 

These are not selected records but are all of the records made 
on the same day and all represent actual calls. 


COMPARISON OF MANUAL AND AUTOMANUAL OPERATING FORCE 


A comparison between a manual and an automanual operating 
force in handling a traffic load is shown in Fig. 17. This traffic 
load represents 4162 working lines connected with a main and 
a branch exchange located іп a western city. About 21 per cent 
of all calls (flat rate) are trunked. Тһе calls handled during 


І 
ORIGINATING 
CALLS 
TOTAL 
63 833, 


| MANUAL FORCE, , 
16 EMPLOYEES 
| 


-—-—— + 

А % -- + | 
AUTOMANUAL FORCE 

40-00 + 44 EMPLOYEES ` 


ORIGINATING CALLS 


the busy hour in both exchanges average about 185 per manual 
operator. 


Тнк MANUAL FORCE THE AUTOMANUAL FORCE 
2 chicf operators 2 chief operators 
] information operator 1 relief operator 
5 supervisors 2 11 operators 
3 relief operators — 


50 operators. 
-- 14 employes. 
61 employes 


It will Бе noted that the manual “В” or trunk operators and 
the trunk calls are omitted from this chart. The automanual 
makes its greatest saving where branch exchanges are employed; 
the heavier the trunking, the greater the saving with automanual 
because it eliminates trunk operators. Notwithstanding that 
the chart deals only with “А” operators, a reduction in em- 
ріоуев in favor of automanual amounting to 77 per cent is 
nevertheless effected. 
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COMPARATIVE COST IN HANDLING MANUAL TRAFFIC 


No plan is known to me that has been utilized heretofore 
between manual operating companies in comparing their costs 
of handling traffic. The factors which seem to have precluded 
such comparison are: 


1. Variation in salaries. 

2. Variation in trunking percentages. 

3. Variation in calling rate per line. 

The only basis used for calculating traffic costs has been: 
Cost of handling traffic per line. 

Cost of handling traffic per station. 

Cost of handling traffic per 1000 originating calls. 


The first two cannot be considered as they are not based on 
volume of traffic handled. Тһе third could'be used for a system 
having a single exchange, but would be unfair to a system having 
more than one exchange because neither the trunk operators nor 
the traffic they handle is taken into consideration. Thus а 
System trunking 50 per cent of the calls handled would suffer 
in comparison to a system trunking only 25 рег cent of calls 
handled. 

The plan of equating calls has been used for comparing separ- 
ately the equated calls per А operator hour and equated calls 
per B operator-hour in different' systems, but no plan of equating 
both А and B calls to a standard unit has ever been used, to my 
knowledge. 


COMPARATIVE MANUAL AND AUTOMANUAL OPERATING COSTS 


Figs. 13 and 14 are compiled for the purpose of comparing 
Costs in handling traffic, as between the manual and Clement 
automanual methods, regardless of variations in salaries, trunk- 
Ing percentages or calling rate per line. These tables are based 
On the rendition of a four second answering service in the manual 
Systems and a three second service in the automanual system. 

A standard unit is necessary by which every manual system 
May be measured and for this unit is employed the flat-rate non- 
trunked call as it appears in a common-battery multiple switch- 
Board, and for convenience in comparison the cost of handling 
1000 such calls is used as a basis. | 
_ Calls other than flat-rate, non-trunked calls require equalizing 
in accordance with the ratio of effort and time consumed, which 
15 easily accomplished by the use of the multiplier given on the 
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left margin of the curves shown in Fig. 18, as indicated by the 
point of intersection between the curves and the vertical line 
corresponding to the previously determined trunking percentage. 

Having equalized the calls in accordance with the tables, 
then divide the total present daily operating expense by the 
number of such daily equated calls and place the decimal point 
to show the cost per thousand equated calls. 

A comparison can then be made between the cost per thousand 
equated calls thus arrived at and the cost shown in curves of 
Fig.19. Ata first glance the multiplier of 95 for incoming trunk 
calls appears to be rather high but this is explained by the un- 
avoidable loss in efficiency of a trunking operator during evening 
and night hours. 


MULTIPLIER 


| | 
MULTIPLIER FOR PAY STATION 18 15 TWICE THAT 
- -+ OF FLAT RATE. Е 2— 
MULTIPLIER FOR INCOMING TRUNK CALLS 8.95. 
| | 


|| 


0 30 60 7 R 
PERCENTAGE ОГ OUTGOING TRUNK CALLS 


Fic. 18 


A hypothctical example of a telephone system having two 
exchanges, shows equated calls for the following daily traffic. - 


Main Exchange 130,000 flat rate calls, Super cent {гипКе4.................... 148,200 
я 3,000 pay station calls, 5 per cent {тцпКсЧ................ 6,840 

* Б 6,200 incoming trunk сайП8............................... 6,175 
Branch o 12,000 flat rate calls 50 per cent trunked.................. 18,000 
n * 200 рау station calls 50 per cent trunked............... 600 

а ^ 800 measured calls, 50 per cent ФгипКей................. 1,800 

4 Ж 6,050 incoming trunk сайз............................... 6,317 
Total equated саПз...............................5 ы д аа 5х 187,932 


Fig. 20 shows ап automanual schedule applied to the branch 
exchange of the western telephone company previously referred 
to and proves out the automanual cost curve in Fig. 19. It will 
be noted in Fig. 20 that the cost per thousand calls on the auto- 
manual operators’ schedule is 19.5 cents. Ву referring to the 
cost curve in Fig. 19 it will be observed that the cost per thous- 
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and automanual calls is 19.5 cents where the average operators’ 
salary is $25.00. 

The clearing-house principle illustrated in Fig. 15 is ap- 
plicable to existing systems, with practically no rebuilding except 
that of the central office switching cquipments; the subscribers’ 
instruments and lines, as well as the general method of handling 
the subscribers, remaining unchanged. The particular feature 
which renders this possible is the automatic secondary distribu- 
tion, which brings calls to the operators at one or more centers 
without the necessity of massing or concentrating talking trunks. 
This feature is peculiar to the automanual systems, and the 
economies flowing from its employment may be best illustrated 
by presenting an extreme case involving the handling of the 


AVERAGE OPERATORS MONTHLY SALARY 


30 .9 М. 20 
COST PER THOUSAND CALLS 


Fic. 19 


entire traffic load in a large city, at present divided between two 
competing systems both equipped with manual switchboards. 
The two systems may be designated as A and B, and the follow- 
ing tables are based on an actual study of their traffic conditions 
in detail. Table I shows the number of telephones in opera- 
tion in each system, the approximate traffic handled by both 
companies, and the cost of handling the traffic. Table 2 shows 
the estimated increase in traffic of both companies as well as 
the additional cost of operating, if manual trunk lines were con- 
nected between two systems, permitting a general interchange of 
calls. Table 3 shows the cost of handling the combined traffic 
by automanual clearing-house methods exclusively. 

The automanual service is uniform and accurate, because the 
Switching apparatus is all operated over local central office 
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circuits of uniform and: known resistance, by expert operators 
under proper discipline. Тһе benefits of the manual method of 
operating are preserved, but no cords or plugs are employed, and 
the service is secret because the operators are cut off automati- 
cally when connections are established, and have no way of 


14 operators at $25.00 per month. $350.00; 63,833 origi- 
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cutting іп on апу conncction thereafter. The distribution of 
calls among the operators is uniform, and this condition prevails 
at all times. An operator may take calls at any position, 
and light loads can thus be handled at a single position. Pa- 
trolling of the switchboard is avoided, and as the number 
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of operators can be varied in direct proportion to the load, 
no one operator is busier than an other at any time. 
The operator cannot show favoritism, as without special pro- 
vision she cannot know who originates а particular call, 
and any subscriber’s call may be answered by any operator 
in the exchange. There is also a decided economy in the 
matter of space, the size of the operating room being con- 


TABLE I.--PRESENT CONDITION 


Total or 
System A System В Av. 
Number of subscribers’ lines. ..... НРУ ТРЕЕ 18,666 13,219 81,885 
s е 1 telephones... ........ 42,000 27,000 69,000 
Percentage of telephones to lines........... 2.25 2.05 2.16 
“ “ business telephones........... 54 51.5 53 
Employes traffic department................ 498 320 818 
ы average monthly salary........... $32.50 $31.50 $ 32.11 
Monthly operating ехрепве................. $16,185 $10,080 $26,265 
Originating calls да Йу..................... 294,000 216,000 510,000 
Т s 4 per telephone......... 7 8 15 
Percentage originating calls trunked........ : 57 24 43 
Cost per thousand originating calls............ $1.97 $1.67 $1.84 
TABLE 2.—INTERCONNECTION 
Increase in calls per telephone............. 1.9 3.1 2.4 
Calls to other сопрапу.................... 79,800 $3,700 163,500 
Increase in percentage of originating calls 
{тип Кей сукен УКЫТ ори 9 21.2 14 
Additional етріоусев...................... 153 163 321 
Increased monthly operating expense........ $5,184 $5,292 $10,476 
Increase іп cost per thousand сай5............ 0.27 0.13 12 
Percentage of increase іп pay-roll........... 32 percent 52 percent 40 per cent 
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TABLE 3.—AUTOMANUAL 


The cost of handling the combined traffic of both systems amounting to 673,500 origi- 
nating calls per day with the Automanual-clearing-house system based on an average oper- 
ator's monthly salary of $32.00 would amount to twenty five cents (0.25) per thousand calls, 
on a monthly operating expense of $5,051.25. This makes a reduction in the present oper- 
Gling expense of 86 per cent. 


siderably reduced. Ав regard material for operators, which 
IS a consideration of moment in some parts of the country, 
it is pointed out that any person who can hear numbers and touch 
keys is capable of handling traffic automanually. This includes 
the blind, who make very efficient operators, not only handling 
the number keys dextrously with little practice, but also reading 
the lamp signals by touch. І have provided a special signal for 
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the blind, however, so that for them lamps are unnecessary, and 
may be relegated to the monitors, unless they too are blind. 

As the detailed circuits are not described herein, I will state 
that the talking circuit between subscribers when connected, 
is perfectly clear and in fact identical with the standard bridged 
common battery circuit employed in modern manual exchanges. 

In closing, I wish to acknowledge my indebtedness to Mr. 
John P. Boylan, of Cleveland, Ohio, for his assistance in com- 
piling traffic data for use in the preparation of this paper. 


А paper to be presented at the Pacific Coast Meet- 
ing of the American Institute of Electrical En- 
gineers, Los Angeles, April 25-28, 1911. 
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TRANSMISSION SYSTEMS FROM THE OPERATING 
STANDPOINT 


Ld 


BY R. J. C. WOOD 


— 


REQUIREMENTS 


In order that a transmission system may satisfy the operating 
engineer it should fulfill the following conditions: 


1. The requisite amount of power must be transmitted with 
reasonable voltage regulation. 

2. Interruptions must be reduced to a minimum. 

3. Flexibility of operation should be assured. 

4. Ease of repair is essential. 


REGULATION 


The voltage to be used is chiefly, if not entirely, determined by 
economic conditions. It 1s as easy to operate with 60,000 volts 
as 15,000; indeed, there scem to be more short circuits and 
troubles on the lower voltage lines, probably because of the less 
careful construction used and the lesser absolute insulation mar- 
gin allowed. We hear from the lines operating above 100,000 
volts that they encounter no greater difficulties than do those of 
lesser potentials. 

Up to distances of about 150 miles (241 km.) frequency is not 
а very vital matter. An increase in voltage will offset the dif- 
ference in regulation between 25 and 50 or 60 cycles. This 
factor will be decided by the relative importance of the classes 
of load demanding either high or low periodicity, so as to make 
the total cost a minimum, and the consumers’ satisfaction a 
maximum. 

There are various formulas for calculating regulation, and it 
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is not necessary to refer to them in detail, beyond remarking that 
the conditions surrounding the delivery of power are often some- 
what indeterminate. The power factor of the load, for instance, 
is often not to be forescen between wide limits. This uncer- 
tainty renders abortive any extreme accuracy of method as 
applied to calculating the line. 

It will be immaterial, therefore, when considering moderate 
distances up to 150 miles (241 km.), whether a formula 1$ used, 
based upon the capacity being all at the center, part at the ends, 
or uniformlv distributed over the line. 

The allowable drop of voltage will depend upon conditions. 
Where power is transmitted in a block from the point of genera- 
tion to a center of distribution, the rcgulation may be as high 
as 25 per cent. In such a case the voltage drop will probably 
be limited by the value of the lost power rather than by any 
operating difficulties. 

The nature of the load will also bear upon the allowable 
voltage fluctuations. A mixed light and power load will demand 
closer regulation than either class of load by itself. If the service 
is all power a certain unstcadiness of voltage is allowable and if 
it is all light the changes in load will come on in such a manner 
that the operator can follow them by hand regulation. 

When, however, the transmission line is part of an inter- 
connected network and may have to transmit in either direction, 
then the regulation must Бе low in order to keep within the range 
of the regulating devices used in substations. И, for instance, 
a hydroelectric and a steam plant are at opposite ends of the 
line and there are numerous substations between the two, the 
flow of power may be either way. 

Most probably the important center of distribution will be 
where the steam plant 1s located, and the voltage must be kept 
uniform at this спа. The voltage at substations along the line 
will then vary by an amount equal to double the regulation of 
the line. 

This fluctuation can be entirely eliminated from the dis- 
tributing circuits by using automatic regulators, but the main 
transmission line should only have onc-half the regulation that 
would be permissible werc it a straight one-way transmission. 

In loop or ring systems, fed from both ends, the circuit must 
‚ Бе heavy enough to permit of feeding the entire load, all around 
the loop, from either end. If this is not the case it will be found 
that when certain sections of line have to be cut out for inspec- 
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tion or repairs, the open end of the loop does not get satisfactory 
service. Е 

Тһе amount of power that should be carried оп а single circuit 
bears a relation to the total power of the system, the importance 
of certain loads, and the balance that the management draws 
between insurance against loss of revenue and prestige, and 
investment costs. 

It will probably be wise in systems of 60,000 volts and above 
to confine the capacity of each circuit to 100 amperes. Baum 
has shown that the surge voltage, due to sudden interruption, is 
equal to 200 times the amperes, so that 1n the above case there 
would be a rise of 40,000 volts when a circuit breaker went out, 
supposing it to be open at double normal current. "This would 
give a total voltage of 100,000 when superimposed upon a 60,000- . 
volt line. Line and transformer insulation would stand this 
momentarily. 

In order to deliver uniform voltage to the consumer, a variety 
of automatic and non-automatic devices are in use. It is ques- 
tionable whether automatic regulation is desirable at the gen- 
erating station, unless a type of regulator is used that will dis- 
criminate between the drop of voltage, due to increasing load, 
the drop occasioned by extreme overload, and that due to short 
circuit. 

There are these three conditions to be met. Regulation for 
variations of load is comparatively simple, but when, duc to 
troubles on the line, certain generating plants get left with more 
than their share of the load, we need a regulator that will dis- 
criminate and lower the voltage to a point where the generators 
will carry a safe current. Again, if a dead short circuit occurs 
on the line, the regulator must automatically lower the voltage 
as much as possible so that the arc may break; it should also, 
as soon as the line clears up, proceed to slowly build up the 
voltage to normal. It is too much, perhaps, to ask all this of an 
inanimate device, besides which it might deprive the switch- 
board operator of his job. 

If synchronous apparatus is in use at the receiving end of the 
line, an automatic regulator controlling its field is quite feasible 
and should give excellent results. It entails, however, the fixed 
charges upon a considerable investment and certain operating 
expenses. Distributing feeders from substations along the line 
can be automatically regulated by the various types of induction 


regulators. 
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RELIABILITY 


Second only to the ability to transmit with reasonable voltage 
drop is freedom from interruption. To insure continuous 
operation we must have first class mechanical construction in 
line and substations. In designing the line we may take the 
worst climatic conditions on record over at least 30 years and 
then allow a factor of safety of 23. "This would give a limiting 
unit tensile stress of 22,000 lb. for copper and stecl, and 10,000 Ib. 
for aluminum. Compressive stresses in towers to be reduced by 
column formulas. The tower should in any case be strong 
enough to stand the unbalanced stresses produced by the failure 
of one conductor. 

The stress upon pin type insulators may be limited by de- 
signing the tie wires to break at the unbalanced stress above 
mentioned. It is better in case of some catastrophe to a tower, 
or line, to have the conductors break the ties, then to pull over 
a succession of towers. "To attempt to design a tower that will 
stand the total breaking stress of all the conductors, leads to 
economic impossibilities. The transmission should preferably 
be on a private right of way which should be cleared of trees and 
brush. 

With sufficient spacing of conductors from each other and 
from the tower structure itself, and with insulators tested to 
34 times the voltage to ncutral for grounded Y, and 31 times 
line voltage for ungrounded delta svstems, there should be no 
interruptions except those caused by lightning or malicious inter- 
ference. | 

The requisite clearance between conductors and tower struc- 
ture is sometimes underestimated; in certain parts of the country 
large birds will roost upon the tower. If the insulator is of 
the pin type they consider it a most excellent device to get under. 
All goes well until about 4 a.m. in summer time, when the bird 
wakes up, stretches, and grounds the line. The suspension in- 
sulator should be free from this trouble, provided there is 
enough space between the conductor and the cross arm below it. 

To minimize lightning troubles all kinds of arresters have 
been used as well as ground wires. Ground wires seem to do no 
harm and in many cases have without doubt prevented trouble. 
They give an added stiffness to the line mechanically, and are a 
wise precaution to install in sections habitually subject to storms. 
50 far no arrester 1s perfect, most or all of them will burn up 
at times, even the electrolytic type is at times untrustworthy 
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upon delta-connected high-potential systems. The only con- 
solation the operator derives, when his arresters burn up, is the 
thought that perhaps they saved something more valuable. 
The most robust type is the horn gap, it needs lots of space to 
accommodate the power arc that follows a discharge, and it 
usually shuts the system down when it goes off, but other types 
sometimes do the same. 

It may become necessary to put in, say, electrolytic arresters 
to take care of the surges, due to switching and minor climatic 
disturbances, and then protect these arresters with horn gaps, 
if this be possible, to take the irresistible discharges from heavy 
lightning, which would cause temporary interruption in any 
case. When lightning causes a disturbance on the line, the 
surge will usually not travel far, but will break over an insulator, 
the arc formed will in many cases break the insulator, due to the 
intense heat. Ring guards at top and bottom of the insulator 
have given excellent protection to the insulator, by carrying the 
arc away from its immediate neighborhood. 

The choice of supporting structures will generally lie between 
steel towers and steel or concrete poles. From some preliminary 
estimates that have been made it would appear that reinforced 
concrete poles for long span work will be extremely costly. 

Where the districts fed from the line are scattered over con- 
siderable territory the transmission will have to be laid out either 
on a radial or loop system. The loop or ring system has the 
advantage of giving each substation a source of supply over en- 
tirely different routes, which are not both liable to be out of 
commission at the same time. 

If the loop is double circuited throughout, the substations may 
be divided between the two circuits. Normally, the loop will be 
open at about its center, being fed from both ends. In case of 
trouble the circuit breakers at the feeding ends will open up and 
cut out only about one-fourth of the stations connected. These 
stations will at once switch over to the good line. The opening 
in the loop will only be closed under emergency conditions. 

The radial system necessitates double circuits on all branches 
if full protection is to be afforded, and for the same insurance 
against interruption is more costly than the loop arrangement. 

As alreadv incidentally mentioned it will be necessarv to have 
relays and circuit breakers installed upon branch circuits so as 
to isolate trouble. There does not scem to be any reliable way 
to automatically cut out the faulty line when one of two circuits, 
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in parallel at both ends, becomes short circuited or grounded. 
We have had some success when generating at both ends of a 
two-circuit line. With the inverse time type of relays the faulty 
line has been cut out automatically at both ends in a great many 
cases. If generating at one end only then both lines will go out. 
We need very badly а rcliable reverse current relay that will 
operate at zcro voltage. 

Any growing system will suffer sooner or later from an in- 
adequacy in its switching devices. Switches that operated 
perfectly when the total generating capacity was small, will fail 
more and more frequently to handle the short circuit as the total 
kilowatt capacity increases. | 

It will be found that there is no room for the larger switches 
that should replace the original installation. It is almost im- 
possible to have too much space іп the switch galleries and bus 
bar compartments, and economy of space here, while it may 
have been attractive and looked all right when the plant was 
young, is all the same a false economy. The lack of a few extra 
fect between switches might lead to an entirely new lay out being 
required in a few years. It is becoming the practice to install 
additional reactances in generator circuits to limit the short 
circuit current of large systems. It scems a pity to have to do 
this and spoil the regulation of the machines to the point where 
auxiliary automatic regulating devices are essential. It is a 
question whether such immense systems should not be normally 
cut apart into sections of perhaps 50,000 kw. capacity. This 
would simplify operation and localize trouble. 

Even in smaller systems, normally operating as a unit, it is 
necessary to have points where they can be instantly cut apart, 
leaving certain loads on certain generating stations. This is the 
operator's first move when short circuits occur; to separate the 
several sections so that the greater part of the system may suffer 
as short a time as possible. If all important transmission lines 
were built with at least three circuits then they would be self 
clearing, using only inverse time relays at both ends. It is, 
however, often difficult to get the money to build three lines 
where two will apparently suffice. 

Too much complication in providing for all imaginable com- 
binations of switching is to be avoided as defeating its own object, 
which should be to keep the customer supplied with energy as 
continuously as possible. When the operator has to stop and 
figure out what to do next in cases of trouble, precious moments 
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are being lost. To insure prompt opcration a good telephone 
line is a necessity and the money will be well spent in building 
an independent pole line for its use. А telephone line running 
upon the same towers with the transmission lines is very likely 
to be inoperative just when it is most needed. 

It is perhaps possible to formulate a set of rules, so that each 
station in a network knows exactly what to do under all condi- 
tions, but a word from the load dispatcher is worth many rules 
in the book. 

REPAIRS 


There should be sufficient circuits and switching facilities 
so that all sections of the line may be cut out for inspection or 
repairs. It is an added precaution to have ground clips on all 
line disconnecting switches, so that when a line is killed with the 
object of working upon it, it is also grounded at both ends. 

Long transmission lines should be sectionalized so that is 
never necessary to cut out more than a fraction of the line at any 
one time. By having switching stations a convenient distance 
apart they also serve as resting places for the patrolmen. Cir- 
cuits should also be so arranged upon the towers or poles that 
men may work upon it without getting into dangerous proximity 
to the other circuits which will be alive. 


CONCLUSIONS 


All the foregoing requirements are summed up in what might 
be as good a motto for the operating engineer as for the system 
he operates, namely: capability, reliability, flexibility and 
repairability. 
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CONTINUITY OF SERVICE IN TRANSMISSION 
SYSTEMS. 


BY MAGNUS T. CRAWFORD 


INTRODUCTORY STATEMENT 


The object of this paper is to give the results of a number of 
years of operation of the Snoqualmie Falls Transmission system 
of the Seattle-Tacoma Power Company and to deduce therefrom 
practical conclusions as to the effectiveness of the method of 
operation used. The discussion will be confined entirely to the 
transmission system, and the possibilities of insuring continuous 
service by means of auxiliary steam plants will not be considered. 
Each high-tension system is a problem in itself and must be 
worked out with respect to its individual fcatures and conditions, 
such as generating capacity in kilowatts, length of lines, size of 
wires, ratio of resistance and reactance, line voltage and climatic 
conditions. It is believed however, that a log of the operating 
results of a particular system is worthy of record, if the con- 
ditions of operation are correctly described. 


DESCRIPTIVE DATA 


“Тһе general features of the system are shown in the accom- 
panying diagram and illustrations. 

A good description of the original installation as completed 
in 1900 may be found in Engineering News, December 13, 
1900, and the evolution of the transmission line was described 
in a paper read before the Seattle Section of the A.IE.E., 
December 19, 1908, published in the PROCEEDINGS, and in the 
Journal of Electricity, April 24, 1909. This paper covers only 
the four years 1907, 1908, 1909 and 1910. 

NOTE.—This paper is to be presented at the Pacific Coast meeting, 
of the А.Т.Е.Е., Los Angeles, Cal., April 25-28, 1911. Notice of oral 
discussion or any written discussion should be mailed to reach the Chair- 
man of the Los Angeles Section, J. E. McDonald, on or before date of 


meeting. Written contributions received within 30 days thereafter will 
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1907 
Generator capacity 12000 kw., step-up transformers 15,000 kw. Trans- 
mission 30,000 volts three-phase, neutral ungrounded. 
Poles. Cedar, average height 40 to 50 ft. (12.19 to 15.24 m.). 
Spans. 135 to 160 ft. (41.14 to 48.76 m.) average length; up to 1000 ft. 
(304.8 m.) at river crossings. 
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Diagram of 60,000-volt transmission system 


Lines. Falls to Renton 20 miles (32.18 km.) two pole lines. Renton 
to Seattle 13 miles (20.92 km.), two pole lines. Renton to Tacoma 26 
miles (41.84 km.) by one pole line and 34 miles (54.71 km.) by the other. 
Falls to Everett; 40 miles (64.37 km.) one pole line. Tacoma to Smelter 
at Point Defiance, 6 miles (9.65 km.) one pole line. Total 172 miles 
(276.8 km.) 
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Wires. Falls to Renton No. 4/0 seven-strand aluminum. Кеп- 
ton to Seattle and Tacoma, Мо. 2/0 seven-strand aluminum. Falls 
to Everett, No. 4 solid copper. Tacoma to Smelter, No. 4 solid copper. 

Spacing. 7 by 9 ft. (2.13 by 2.74 m.) and 7 ft. (2.13 m.) equilateral 
triangles. 

Insulators. One piece, tripple petticoat porcelain, 6 in. (15.24 cm.) 
diameter, Redlands pattern. White imperial porcelain on main lines. 
Brown porcelain on Everett line, not tested before installation. 

Pins. Locust wood, impregnated with paraffine. 

Cross Arms. Four by 5} in. (10.1 by 11.13 cm.) to 5 by 6 in. (12.7 by 
15.24 cm.) select Washington fir. 

Sutiches. At Falls, non-automatic remote control, vertical break ой 
switches in brick compartments. At Renton, Seattle and Tacoma, non- 
automatic lever control. rotating horizontal break oil switches in tron 
tanks. At small stations and for throwing lines in multiple, fused 
air break ‘‘ jack ” switches or fused horn switches. 

Protective Apparatus. Multigap lightning arresters with series re- 
sistances. 

1908 
Wood pins changed to malleable iron on corners and important points. 


1909 

Transmission voltage raised to 60,000 volts on December 6, 1909, 
using same, wires, poles and cross arms. 

Insulators. Four-piece brown porcelain of standard design, cach 
tested to 120,000 volts, and made with threaded 1$-in. (38.1 mm.) pin 
hole. 

Pins. Malleable cast iron with threaded head. 

Switches. At Falls and Renton, non-automatic remote control, 
‘vertical-break oil switches in steel tanks. At Seattle, Tacoma and 
Everett, non-automatic lever control rotating horizontal-break oil 
switches in iron tanks. At small substations, series trip coil actuated 
automatic overload release, rotating horizontal break oil circuit-breakers 
in iron tanks. 

Disconnecting Switches. Out-door pole top type, three-pole double 
break, consisting of contact jaws mounted on line insulators with con- 
necting blades rotating in a horizontal plane. 

Protective Apparatus. Aluminum cell electrolytic lightning arresters 
installed at each end of each line. 


1910 
Additional 8750 kw. generator put in service in November, with 
7500 kw. additional step-up transformer capacity. 


OUTLINE OF SYSTEM OF OPERATION 


In the operation of high-voltage lines on the Snoqualmie 
System the high-voltage line switches are non-automatic elec- 
trically-operated by remote control except those used in throwing 
the lines in multiple at substations, which are instantaneous 
Overload release switches. The Falls operator has on his switch- 
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board an indicating ammeter and the control handle for an 

electrically-operated remote-control oil switch for each outgoing 

high-voltage line. 

The generator oil switches are kept blocked in solid on the 
bus bars except when synchronizing a new machine. If the 
Snoqualmie system is running in parallel with the Electron 
system ‘or with other gencrating systems as is frequently the 
case, the connection is made with instantaneous- overload-re- 
lease circuit-breakers, and a similar connection is made with the 
steam plant at Seattle. 

When a short circuit comes on the system all automatic cir- 
cuit breakers connecting other systems and all switches for 
multiple connections drop out at once, leaving cach line separate 
clear to the Falls. The Falls operator first lowers the voltage 
and gets the speed of the machinery under control. It is then 
usually apparent on the line ammeters which line is short cir- 
cuited, and if it does not burn clear in a few seconds it 1s opened 
with the remote-control oil switch. The voltage is then slowly 
brought back to normal and only a part of the load is lost. The 
substation operators then open their end of their line at the pole 
switch, and lincmen are sent out to the defective section of the 
line. This is located by opening all pole switches in the line 
and then testing out one section at a time, starting at the Falls, 
until a section is found which shows trouble. 

If it is not apparent to the Falls operator which line is in 
trouble, the short circuit is fed thirty seconds, and one of the lines 
opened, and if it still does not clear it is fed thirty seconds longer 
on the other line, and the station is never shut down as long 
as it can be kept running. Two large water rheostats of iron 
wire immersed in the tailrace and provided with oil switches 
are thrown on the gencrator bus whenever a heavy load is to be 
dropped, as in opening a short circuited line, and serve to aid 
the control of speed and voltage. In extreme cases where 
trouble holds and all lines are opened, the station is run on the 
water rheostats and each line thrown in again at intervals until 
one is found that 1s clear. 

Substation operators open all high-tension switches when 
power goes off the line and immediately make connections with 
another generating system or steam plant, and pick up the 
local load until power comes on the lines again. 

The details of the system of ирКеер employed in connection 
with the transmission system have been carefully worked out, 
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as a great many of the interruptions in service may be avoided 
by proper maintenance of the lines. Eight patrolmen are em- 
ployed and each held responsible for the condition of a part of 
the line. They are stationed at a transforming station as near 
as possible to the middle of their patrol, and furnished with 
a residence and a telephone from the private line. Patrolmen 
are furnished with a saddle horse and saddle bag containing 
telephone test set, sundry tools and material, and once each 
week they carefully inspect their section of the line. АП badly 
broken insulators are replaced and any other necessary repairs 
made. Every two miles along the line a small booth is fastened 
to a pole, and a stock of insulators, pins, cross arms, line wire, 
etc., are kept locked up thercin, so that in case of trouble, ma- 
terial for repairs will always be within one mile. 

Each patrolman also has charge of the pole switches in his 
territory and once a month he makes a complete and thorough 
examination of each switch, keeping the parts well oiled and in 
perfect alignment. Each weck he makes a written report on а 
printed form of the results of his line patrol and switch examina- 
tion. 

When any repair work is to be done on a high-tension line, it 
is killed and opened by an air-break switch at each end, and the 
lineman working on the line makes a solid short circuit and 
ground at the point wherc he 15 working, with a flexible cable 
provided for the purpose. АП lines arc in charge of the station 
operator, and linemen notify the operator by telephone when a 
line is desired, waiting until he is told the line is dead before doing 
any work thereon. All communications betwcen employees іп 
connection with high voltage are repeated back to the speaker, 
and are written down in the station log book. These precau- 
tions are necessary to reduce mistakes to a minimum. 


EXPLANATION OF TABLES 


The following tables and curves show a log of the operation 
of the transmission svstem for the last four years. АП cases 
of trouble on the high-tension lines or in transformers that caused 
an appreciable disturbance of the line voltage are recorded, 
but short circuits on low-tension distribution systems and other 
troubles not chargeable to the transmission system are excluded. 
The times given as “ shut down ” are cases where power was off 
the high tension lines of the Snoqualmie system long enough to 
Switch out the defective line. Тһе actual service interruptions 
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were of very short duration, as power was usually obtained im- 
mediately from another system or steam plant at Seattle, Tacoma 
and Everett. 

Тһе conditions of transmission are somewhat severe, as the 
lines pass through rough country and along country roads. Тһе 
land is being cleared for agricultural purposes and for new rail- 
roads, so that a great deal of blasting and grading is being car- 
пей on, causing much trouble. Тһе pole line has been built 
ten years, and has not the mechanical factor of safety of a new 
line. The tables show how the troubles resulting from these ad- 
verse conditions were handled with a minimum disturbance to 
service, as out of the total of 66 cases of trouble given in the 
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Service interruptions on the SuSE transmission system 


table, 52, or about 80 per cent, were handled without an in- 
terruption of service. 

During the latter part of 1907 considerable trouble was caused 
by burned wooden pins. These pins had been in service nearly 
seven years, and the threaded tops were softened to pulp, ap- 
parently by the action of nitric acid formed from the air and 
moisture by the leakage currents. 

The line was gone over by patrolmen and on all turns and 
important places the wood pins were replaced by malleable iron 
pins, and no more trouble resulted from this cause. With the 
weak points thus fixed the system gave practically continuous 
service during the year 1908. During 1909 the work of recon- 
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struction for 60,000 volts was in progress and nearly half of the 
system was cut out during working hours for work thereon, 
and the switching was in a temporary condition at many places. 
These circumstances made it difficult to handle trouble without 
interruption of service. During the year since the change to 
60,000 volts there have been only two shut-downs out of 23 
cases of trouble, showing the method of operation is equally 
successful at the increased voltage. | 

The duplicate high voltage lines are known by the names 
light and power lines respectively, and are divided into sec- 
tions known by the names of the principal stations toward which 
they lead from the junction point at Renton. 


TABLE I 
SERVICE INTERRUPTIONS 


————є———--——— Oe OOOO 


Load 
Date | Extent dropped Remarks 

1907 Short About half Snow on outlets at transformer house 

Jan. 2 voltage : * at Falls makes short circuit on power 

9:55 p.m. dip lineby starting an arc. Falls operator 
opened power line and cleared trouble, 
throwing on water rheostats until load 
returned. 

Jan. 3 Short voltage None Short circuit on light line, burned clear. 

1:10 a.m. dip Cause unknown. 

April 23  Prolonged voltage Nearly all Telephone wires blown into high- 

4:15 p.m. dip tension wires near Seattle by high 
wind. Burned clear. 

April 24 Four seconds Small Short circuit on system, cause un- 

6:04 p.m. voltage dip known. Burned clear. 

June 24 Shut down All Solid short circuit on both lines holds 

2:15 p.m. until lines are opened. Cause un- 
known. Notrouble found when lines 
are put in again. 

July 23 Shut down All Piece of iron wire thrown over both 

8:30 p.m. lines near Tacoma. Falls operator 
pulled the short circuit 30 seconds on 
each line before shutting down, but 
unable to burn clear. 

August 1 Eight seconds One-fourth Arc started by lightning between wires 

7:50 p.m. voltage dip at outlets in Seattle substation. 
Burned clear by lowering voltage. 

Sept. 5 Dip in voltage One-fourth Severe short circuit comes on light 

1:15 p.m. line but is burned clear. Cause un- 


known. 
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TABLE I—Continued 


Load 
Date Extent dropped Remarks 


Sept. 11 Dip in voltage Nearly half Lightning storm between Renton and 
12:45 p.m. Tacoma. Short circuit appears on 
both lines but burns itself clear. 


Oct. 16 Small voltage dip Small Light short circuit on power line is 

10:00 a.m. hurned clear. Caused by limb from 
burning tree between Auburn and 
Tacoma. 


1907 

Nov, 22 Shut down АП Wooden insulator pins burned off on 

2:45 p.m. corner pole between Renton and Kent 
causing short circuit and ground on 
light line. Arcing ground burns up 
nearly two spans of wire at point of 
break. Surges burn up multigap 
lightning arresters in stations and 
cause pins to burn off at other points 
on lines where insulators were defec- 
tive. 


Nov. 23 Frequent successive About half Trouble develops from burned insulator 

5-6 p.m. voltage dips pins at different points probably at 
places where insulators were cracked 
by surging ground of Nov. 22, Pole 
near Everett was set on fire and 
Everett line was out until repaired. 
One wire of light line in Seattle burned 
off cross arm and came across 13,000- 
volt lead of S. E. Со. As Seattle 
power line was cut out for repairs at 
other points, Seattle was out eight 
minutes. One transformer punctured 
at Seattle. Falls line also down from 
burned off pins near Renton but cut 
out before causing damage,and repairs 
made. 


Dec. 4 Six second One-fourth Short circuit appeared on light line and 
3:30 p.m. dip is burned clear. Low tension wires 
| get tangled up on pole in Auburn and 
one of them swings up over high-ten- 
sion line and is burned off. Caused 

by high winds. 


Dec. 23 Shut down All Heavy wind storm blows limb of tree 
4:00 p.m, into light line near Issaquah, blows 
down powcr line near Kent and light 
line near Auburn, all at same time, 
Last two places were where pins were 
nearly burnt off. Falls operator low- 
ered voltage and stayed in on each 
line separately for 60 seconds, but was 
unable to clear trouble. Station ran on 
water rheostats until troubles were 
located and one line repaired through. 
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Date 


Extent 


Load 


dropped 
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TABLE I—Continued 


Remarks 


1908 
Jan. 12 
5:00 p.m. 


April 24 
3:50 a.m. 


April 24 
4:20 a.m. 


Nd arch 26 
7980 a.m. 


PES 


Voltage dip 


Ten seconds 


voltage dip 


Short voltage dip 


Short voltage dip 


Ten second 


voltage dip 


Short voltage dip 


Voltage dip 


Short voltage dip 


Shut down 


Short voltage dip 


= 


Long voltage dip 


About half 


Small 


Small 


Small 


One-fourth 


Small 


Nearly half 


Small 


All 


Small 


One-fourth 


Short circuit on branch line to smelter 
in Tacoma. High-tension fuses in 
Tacoma substation did not open and 
short circuit was pulled 30 seconds by 
Falls operator and burned clear. 
Cause unknown. 


Tree blown into Falls light line one-half 
mile (0.8 km.) from Renton. Light 
line opened and trouble cleared. 


Everett line down near Snohomish due 
to defective insulators. Everett line 
opened and trouble cleared. 


Defective insulators on line to Tacoma 
lets wires down on cross arm. Cross 
arm burned off, clearing trouble. 


Short circuit and ground on power line 
due to defective pole switch at 
Seattle. Seattle operator knew loca- 
tion of trouble and cleared it by open- 
ing high-tension line oil switch. 


000 kw. transformer burned out at 
Lewis & Wiley' pumping station. 
Cleared by high-tension (use in sub- 
station. 


Short circuit on line to dredger in 
Tacoma harbor cleared by high-ten- 
sion fuse. Caused by salt water fog 
where line runs about 30 ft. (9.14 m.) 
from surface of water, and spacing be- 
tween wires only 3J ft. (8.9 cm.) 


Short circuit on Tacoma dredger line. 
Cleared by high-tension fuses. Caused 
by salt fog. 


Line to Tacoma smelter was connected 
to hoth light and power lines at 
Tacoma substation when a land slide 
carried away several spans. Falls 
operator lowered voltage and kept 
each line in 30 seconds before opening. 


500-kw. transformer burned out at 
Lewis & Wiley pumping plant. 
Cleared by high-tension fuse in sub- 
station. 


Severe short circuit on Tacoma dredger 
line holds until voitage is lowered. 
Probably from salt fog. 
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TABLE I—Continued 


Date Extent 
April 29 Voltage dip 
8:20 a.m. 

May 10 Shut down 
11:25 a.m. 

July 2 Shut down 
5:15 p.m. 

July 3 Heavy voltage dip 
12:35 a.m. 

July 15 Voltage dip 
10:30 a.m. 

August 2 Sixty seconds 
12:15 p.m. voltage dip 
August 16 Shut down 
5:20 p.m. 


Nearly half 


Remarks 


Transformer burned out and grounded 
on Tacoma smelter line. Discharges 
lightning arresters in Seattle and Ta- 
coma substations. 


Burning trce falls into Tacoma power 
line near Auburn, breaking down four 
spans of line, causing arcing ground 
that results in puncture of No. 1 gen- 
erator armature. Lines opened until 
defective generator could be cut out 
and load picked up on rest of station. 


While Tacoma power line was cut out 
for work thereon, light line was con- 
nected to both Falls lines and a tree 
was blown into the light line near 
Auburn, making a short circuit and 
ground which would not burn clear. 
Both lines had to be opened until de- 
fective line could be switched out at 
Renton. 


Short circuit on power line burned 
clear. Linemen repairing break of 
July 2nd on a dark night left tele- 
phone wire across line, and when line 
is switched in at Renton telephone 
wire is fused. 


Short circuit on light line near Seattle, 
cause unknown. Light line opened, 
clearing trouble. 


Falls line cut out for linemen to work 
on about 3 miles (4.8 km.) from 
Renton. А solid short circuit and 
ground put on wires where they were 
working with a piece of 4-т. (6.35 
mm.) steel mast arm rope, as a safety 
precaution. By mistake line was re- 
ported clear and switched in at 
Renton end with short circuit still on 
and Renton multiple switch closed 
solid. Falls operator lowered voltage 
and pulled the short circuit by way of 
light line and Renton multiple switch. 
In about 60 seconds the }-in. (6.35- 
mm.) steel rope was fused clear of the 
line, and water rheostats were thrown 
on generator bus. 


Steam shovel gets into line at Scattle, 
letting down two spans and causing 
arcing ground and short circuit that 
punctures two transformers and No. 5 
generator at Falls. Station shut down 
until defective apparatus could be 
cut out. 
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TABLE I—Continued 


Ind na ьан аанча ER SS р SEAT 


Load i 
Date Extent dropped Remarks 

August 26 Short voltage dip Small Short circuit in 500-kw. transformer 

2:50 p.m. 2 at Lewis & Wiley's pumping plant. 
Cleared by high-tension fuse in sub- 
station. 

Sept. 4 Voltage dip Everett only Short circuit on Everett line cause un- 

2:35 p.m. | known. Cleared Бу high-tension fuse 
on Everett line. 

Sept. 13 Voltage dip Everett only Short circuit on Everett line caused by 

12:15 p.m. blasting stump into line. Cleared by 
fuses on Everett line. 

Sept. 16 Shut down All Seattle light line short circuit and 

3:20 p.m. grounded Бу blasting stumps near 
Seattle. Arcing ground punctures 
No. 3 generator armature and station 
is shut down. 

Sept. 24 Shut down All Pile driver knocks down long span in 

7:00 p.m. Everett line across Snohomish River. 
Fuses blow on Everett line and start 

d arc across wires short circuiting high 

tension bus in transformer house at 
Falls; station shut down until bus 
could be cleared. 

Sept. 26 Voltage dip Everett only Short circuit on Everett line cleared by 

7:12 p.m. fuses. Pile driver strikes line at 
Snohomish. 

Sept. 27 Voltage dip Small Pole switch at Puyallup does not close 

2:40 p.m. properly and starts arc across wires 
when opened. Burned clear by lower- 
ing voltage. 

Sept. 30 Heavy voltage dip One-fourth  800-kw. transformer burned out at 

8:05 p.m. | South Tacoma pumping station. 
Cleared by fuses in substation. 

Oct. 31 Shut down All Light line cut out for work thereon 

10:35 a.m. when power line was torn down by 
blasting stumps near Kent. Falls 
operator was unable to burn the 
trouble off and cut both lines out 
until Renton switched clear of the 
trouble. 

Nov, 18 No shut-down Half Floods and high winds washed out 12 

1:30 p.m. of system 


poles carrying both light and power 
lines near Tacoma, and they were 
blown over, Trouble reported and 
lines opened before they went down 
Wires not broken and poles were 
pulled up clear of the ground and 
lines cut іп. 
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Dec. 5 


Nec. 6 
10:28 p.m. 


Dec. 20 
10:15 a.m. 


Dec. 27 
3:10 p.m. 


Jan. 25 
8:07 p.m. 


April 16 
12:25 p.m, 


April 24 
9:05 a.m. 
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Extent 


Shut down 


Heavy voltage dip 


Voltage dip 


Heavy voltage dip 


Voltage dip 


Slight voltage dip and 
swinging of ground - 


detector 


Voltage dip 


TABLE I-—Continued 


Remarks 


Flood washes out Everett line near 
Snohomish. Wires and switching in 
temporary condition at Falls during 
change to 60,000 volts, and unable 
to clear without shut down. 


SYSTEM CHANGED FROM 30,000 
TO 60,000 VOLTS WITHOUT IN- 
TERRUPTION OF SERVICE. 


Limb ot tree blown into light line 2$ 


miles (4 km.) from Falls breaking 
wires and causing short circuit and arc- 
ing ground Electrolytic lightning 
arresters discharged taking heavy 
surges off of line. Light line opened 
by operator clearing trouble; water 
rheostats thrown on until load re- 
turned. 


Pole switch arced across at Renton 
when opening Tacoma light line. 
Switch closed again and dip of 
voltage breaks arc. 


Short circuit on Everctt line cleared 
by opening line switch at Falls. 
Caused by blasting stump into line 
a few miles from the Falls, breaking 
wires, 


Severe short circuit cleared by opening 
light line. Multiple switches at 
Seattle and Tacoma drop out. 
Trouble caused by high wind blowing 
over а corner pole near Kent, the line 
falling into a lead of telephone wires. 
Telephone system damaged but 
slightly. 


Ground appears on system but burns 
clear in a few seconds. Caused by 
blasting stumps 300 ft. (91.44 m.) 
from line near Milton. Large rock 
breaks one wire of line and it falls to 
ground burning off clear at Falls end. 
Trouble located and line cut out and 
repaired. 


Pole switch on Tacoma light line arced 


across at Renton .when opening 
charging current of line with blades 
set too close. Cleared by opening 
light line at Falls. 
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Remarks 


Light short circuit burns clear at once. 
Tree fell across light line near Renton 
but did not break wires. Renton 
operator notified of trouble and opens 
line at Renton. 


Surge appears on light line and ground 

detector, clearing immediately. Trans- 
formers at South Tacoma pumping 
station burned out. Trouble cleared 
by high-tension fuse in substation. 
This substation owned and operated 
by consumer. 


Pole switch at Renton arced across 
when opening charging current of line, 
with blades set too close, Short cir- 
cuit appears on both lines and Falls 
operator opened light line. Аз this 
did not clear trouble, light line was 
closed again and power line opened 
clearing trouble. 


Short circuit appears on Everett line 


and is burned clear. Cause unknown. 


Tree blew across Everett line breaking 
wires down. Remote control handles 
for line switches were in a temporary 
location at one side of switchboard 
while some new pancls were being put 
into position. Operator made mis- 
take in switching and had to open all 
lines and throw on rheostats until 
generators could be controlled. 


Ground appears on light line, discharg- 
ing electrolytic lightning arresters. 


Burns itself clear. Cause unknown. 


Ground develops and clears itself. 


Cause unknown. 


Telephone wires pulled across power 


1911] CRAW FORD: 
TABLE I--Continued 
Load 
Date Extent dropped 

May 23 . Voltage dip Small 
8:15 p.m. 

june 12 Slight voltage dip Small 
11:35 p.m. 

July 16 Prolonged Over half 
9:15 a.m. voltage dip 

July 26 Heavy voltage dip Half 
8:10 a.m. 

July 26 Shut down All 
9:45 a.m. 

August 22 Slight voltage dip Small 
1:35 p.m. 

August 26 Slight voltage dip None 
6:35 p.m. 

Sept. 3 Voltage dip Half 
11:15 a.m. 


line in Seattle by careless lineman. 
Power line opened by operator and 
trouble cleared. Half of load dropped 
as Tacoma was running on power line 
with light line cut out temporarily. 
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TABLE I—Continued 


Load 

Date Extent dropped 
Sept. 7 Voltage dip One-fourth 
11:05 a.m. 
Oct. 4 Shut down АП 
11:25 p.m. 
Oct. 5 Voltage dip Small 
11:15 a.m. 
Oct. 17 Voltage dip Small 
3:15 a.m. 
Oct. 30 Heavy voltage dip Over half 
11:03 a.m. 
Nov. 4 Two successive One-fourth 
5:40 p.m. voltage dips 
Nov. 25 Voltage dip One-fourth 
8:05 p.m. 
Dec. 5 Three severe Half 
7:00 p.m. voltage dips 
Dec. 11 Voltage dip Small 
12:15 a.m. 


Remarks 


Short circuit on Everett line from un- 
known cause. Trouble clears when 
Everett line is cleared. 


Corner pole cut down with an axe ncar 

Tacoma, both light and power lines 
falling across county road and tele- 
phone lead. Falls operator unable to 
burn clear and both lines left out 
until defective section could be 
opened. Telephone Company's sys- 
tem not damaged severely. 


Short circuit on light line burns itself 
clear. Cause unknown. 


Short circuit cleared by opening 
Everett line. Stump blasted into 
line by contractor building new rail- 
road ncar line. 


Short circuit appears on both lines but : 
burns itself clear. Cause unknown. 


Stump blasted into Everett line. 
Trouble burned clear. 


Short circuit appears and is burned 
clear in а few seconds. ‘Caused by 
blasting piece of stump into Everett 
line. | 


Malicious persons, throw piece of half- 
inch (12.7 mm.) steel cable over both 
light and power lines about three 
miles (4.82 km.) from Renton on 
Seattle lines. Steel cable was burned 
in two and trouble cleared on power 
line although line wires were badly 
scarred. Оп light line one line wire 
was burned in two, fell to ground and 
burned off clear of ground on Falls 
side. Falls operator did not open any 
lines, as short circuit appeared the 
same on each and was burned clear. 


Defective insulator on pole switch at 
Seattle punctures and starts arc to 
ground. Electrolytic lightning ar- 
resters flash over, taking surge to 
ground and trouble burns itself clear. 


a aa 
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TABLE II 


E 
| ' Voltage dips 
| Dropping | Dropping | 


Shut half one-fourth Total 
downs load load | cases 
Se тар. СІ. СТ ІС па 2” 
| 
1. Defective line construction, failure! | 
of switches, insulators, etc...... 1 2 | 7 10 
| 2. Failure in transformers............ 0 1 5 6 
* i 
3. Malicious interference, blasting! 
| stumps, etc........ СТУ 6 | 1 7 14 
4. Winds, fires, floods, fogs, etc...... | 6 |. 6 6 18 
| | 
| 5. Меһіпіпд........................ 0 1 ; 1 | 2 
6. Mistakes Бу employees............ | 0 2 1 3 
| | | 
7. СаКпомп......................... | 1 4 8 | 13 
| 
ТОСАП 2s veda суды ы eee oe 14 17 35 | 66 


| | | 


--- 


Мотв.--ОҒ the fourteen cases of shut down, seven occurred during the half of 1909 when 
the system was running on one line during working hours to permit reconstruction for 
60,000 volts. During the other 34 years the average was two cases of shut down per 
year, 


DISCUSSION OF RESULTS 


Before discussing the above results, a definition of continuous 
Service is necessary. In cases where only a voltage dip is 
Shown, the bus voltage of 115 volts dipped down to some value 
between 40 and 90 volts for a few seconds and then returned to 
normal. To the lighting consumer this is not objectionable if it 
does not occur too frequently. To the small power consumer, 
Such as shops and industries. using motors in small units, gen- 
€rally speaking it is not a serious inconvenience, as the motors 
Will often come back up to speed and will at most. only require 
Testarting. In the case of very large powcr units, they will 
usually stay in on the line unless they are heavily loaded or the 

ip is too prolonged. 

The 500-kw. synchronous converters on the system almost 
always stay in and are not cut off until the current gocs clear 
ой the line. On the other hand if the voltage dip is verv sudden 
ІП its return to normal, as whcre a short circuit is opened at its 
Maximum and a Tirrill regulator has held up the gencrator 
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voltage, large synchronous machines are much more apt to be 
thrown out. In the above table there are 52 cases where the 
voltage dipped but the system was not shut down, and in only 
17 of these cases was the dip sufficiently prolonged to lose any 
considerable amount of load. In the other cases practically all 
the large motors stayed on the line. It seems reasonable then 
to conclude that moderate voltage dips of short duration do not 
constitute an interruption worth considering. 

In cases where the voltage gets to a very low value and 
does not return to normal for ten seconds or more, the most of 
the power load will be dropped, but the lighting load will be 
returned. The power consumer is then put to the inconvenience 
of stopping work long enough to start up his motors again. 
The railway station operator must synchronize his converting 
units again, but if the drip is not over thirty seconds they should 


Porcelain insulator and iron pin used on 30,000-volt line 


still have considerable speed and this should only be a few 
minutes work, which is not a hardship to railway service. 
Some power installations will suffer great inconvenience, such 
as for instance an ammonia compressing outfit, and also some 
electrolytic processes, where even a momentary shut down will 
cause heavy loss. However, such consumers will only form a 
small percentage of the average power company’s business, and 
any expensive equipment to insure them absolutely continuous 
service should be a part of their own installation. 

In cases where power goes completely off, all load is dropped 
and all consumers suffer maximum of inconvenience until service 
is resumed. The gross income of the power company practi- 
cally ceases and the operating expenses continue, besides the 
loss in good will which can not be measured. If service is re- 
sumed within five minutes, the average consumer will not suffer 
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serious loss, but where the shut down extends over thirty 
minutes or an hour the financial loss ard inconvenience is very 
considerable to all parties concerned. We may then conclude 
that prolonged voltage dips are an inconvenience but if of infre- 
quent occurrence are not serious menaces to satisfactory service, 
whereas complete shut-downs cause һеауу loss. Speaking from 
the average consumers viewpoint, commercially continuous 
service may include infrequent voltage dips and very rare shut- 
downs of periods never exceeding five minutes. 

Causes of Troubles. The first two causes in Table II are de- 


30,000-volt entrance construction 


fective construction and apparatus, and burn-outs of machinery. 
By testing all line insulators for a voltage a little over twice 
normal and carefully testing all machinery winding before in- 
Stallation the entire system may be made to withstand double 
normal voltage for several minutes without failure of insulation. 
S means that transient voltages considerably in excess of 
double normal voltage can be withstood, as brought out by 
Steinmetz and Hayden in a paper before the A.I.E.E. in June, 
10. By installing protective apparatus such as air relief 
84Ps which are set to break down at double voltage and which 
ауе a time lag much lower than that of the insulation of the 
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This may be done by installing electrolytic lightning 


arresters at the entrance to all important stations. 
becomes so troublesome as to shatter insulators on the line where 


system, practically all destructive surges can be taken off the 
it strikes at some distance from an arrester, relief gaps may be 
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system. 


installed at each insulator if necessary, by means of arcing rings 


as described by Nicholson in a paper before the A.I.E.E., 


Pole-top construction where two lines 


-top construction at 


Pole 


are on the same pole, showing guard 


wires over railroad. 


are turns. 
(60,000 volts) 


squ 


(60,000 volts) 


In this plant, however, lightning strokes on 


the line are very rare, and by using wood poles and cross arms, 


March 30, 1910. 


interrupting service 


The first two causes of trouble and 


also the sixth can thus be reduced to a minimum by properly 
testing the insulation of apparatus and the installation of pro- 


tective apparatus. 


an entire pole may be burned down without 


if the wires are not broken. 


Blasting stumps is a source of much annoyance in this section 
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of the country, and can best be handled by a campaign of pub- 
licity. The patrolman on each section of the line should make 
it his business to become personally acquainted with all the 
ranchers enroute and keep his eye open for all evidences of 
preparation for clearing land, and when he sees blasting is to be 
done call attention to the notices of warning kept on each pole, 
and show every desire to coóperate with the parties concerned 


and have the line killed before blasting is done. Deliberate inter- 
ference should be prosecuted 


vigorously by arrest and fine 
where possible. 


Pole-top construction on main Entrance tubes at substations. 
lines. (60,000 volts) (60,000 volts) 


Troubles from winds, fires, floods, etc., can be mitigated by 
using а very large factor of safety in the mechanical construc- 
tion of the line, and by putting the high tension wires at a good 
height above all telephone and other wires easily broken. Struc- 
tures in soft soil should be set solidly in rock boxes and well. 
braced, lines taken via separate routes whenever possible, and 
always on separate pole lines. All large trees that can blow into 
the line should be bought and cut down, and the brush kept 

ру cut оп the right of way. 

Mistakes of employees can be reduced by providing them with 
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definite written instructions on their duties and course of action 
under various conditions and by providing them with the best 
working equipment. Station operators in a plant employing 
non-automatic operation are very important units in the system; 
a little welfare work and good pay to good men, and in fact any- 
thing that will make them take interest in their work and pride 
in good results will prove an excellent investment. 

Results of Method of Operation. Тһе standard practice in the 
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Malleable cast iron pins. Cross- 
arm pin fits 13-in. hole in old 
crossarms. T-headed bolt . 
slipsinto a seat on a shoulder Standard pole switch. 
cast on inside of shank at (60,000 volts) 
bottom, and 16 tightened up 
under cross-arm. Weights 
3% and 7 1b- Ultimate 
strength 1800 lb. at line 
wire. (60,000 volts) 


operation of duplicate transmission lines is to install automatic 
overload relays and circuit breakers on each line at the gen- 
erating station, and reverse current relays with automatic circuit 
breakers at the substation. Even with complicated systems this 
idea may be carried out so that theoretically a short circuit 
anywhere on the system will automatically be cleared and the 
defective line cut out. The experience of this company has 
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been that practically better results can be obtained by placing 
the control of the high-tension lines in the hands of a carefully 
trained operator. From the operation of this system it 1s be- 
lieved that the non-automatic method of operation is less apt 
to produce destructive oscillations when a short circuit is being 
cleared from the system. Taking for instance a case where a 
piece of iron wire is thrown across the line. There being no 
automatic regulation except slowly acting water wheel govern- 
ors, the speed and voltage of the generating units dip severely. 
The operator encourages this and blocks the action of the 
governors, feeding the short circuit at the reduced voltage. The 
low-frequency high-power surge first set up by the short circuit 


Switching and lightning arresters at Snoqualmie Falls 


may thus be reduced in intensity, being also dissipated by the 
resistance and cushioned by the reactance of the line, and the 
Station is then simply running on a severe overload for a few 
Seconds. If it is apparent which line is short circuited, it may 
then be opened with safety. If on the other hand the voltage 
and speed are automatically held up as far as possible by Tirrill 
Tegulators and governors, and the surge is ruptured at a point 
Other than zero in the wave, a destructive potential will result 
Which may cause damage. 

In the case of an arcing ground a more severe condition exists 
than in a short circuit, as in cases where one line wire is whipping 
around on the ground, making and breaking contact. Іп this 
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system where the neutral is ungrounded severely unbalanced 
strains may be produced in this way, as is shown by the punc- 
turing of generator and transformer windings in such cases. 
An arcing ground was not always visible on the line ammeter, 
and an electrostatic ground detector was installed on the gen- 
erating bus. This indicates promptly all high-tension grounds, 
and the telephone circuit along the same poles is an instantaneous 
indicator showing which line is grounded. Grounded lines are 
cut out without attempting to burn clear, and the installation 
of electrolytic arresters on the lines, transformers with rein- 
forced insulation on the end coils and static relief gaps on the 
generating bus bars has given entire freedom from trouble from 
arcing grounds, as shown by the absence of failures of insulation 
since the installation of the new equipment in 1909. 


Showing type of tie used and 60,000-volt insulator. 4/0 seven-strand 
aluminum cable with No. 2 tie wire 


Since the change to 60,000 volts it has been the practice to 
open the defective line if it does not burn clear in about five 
to eight seconds instead of holding for thirty seconds. By the 
installation of a Tirrill regulator with a special relay for lowering 
the voltage during a short circuit the operator does not have 
to look after the voltage, and with accurately reading dead- 
beat line ammeters he is able to see the situation inside of five 
seconds. This equipment has been recently installed. The 
switches for multiple connections now installed on the low-ten- 
sion side at substations work instantly instead of in the slow 
uncertain manner of the old 30,000-volt fuses used for this 
purpose, so that much better performance can be expected in 
handling short circuits in the future. 
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This method of operation is applicable to a system of several 
generating stations, by giving each generating station a certain 
amount of transmission system, and then using instantaneous 
automatic circuit breakers at the point of connection. These 
circujt breakers can be set to carrv the full value of interchange 
current so that the plants can be operated in parallel and with 
any desired sharing of load; but when a short circuit comes on 
the line, that line and its generating station will immediately 
be separated from the rest of the system and can clear its own 
trouble. Mr. Downing’s paper before the San Francisco meet- 
ing іп May, 1910 on the “ High Tension Network of a General 
Power System ” describes a system operated in this way. 

It is apparent from this paper that there are a number of 
features which an engineer could employ in building a new line 
that would prevent many interruptions, such as stringing the 
lines at a greater height and supporting them on strong struc- 
tures along private right-of-way, to avoid interference. Тһе 
desirability of continuous service depends on the character of the 
power business served, and a balance may be struck at a point 
where further investment to secure greater reliability may not 
be warranted. 


-o xe Jom 


—————————Ó— 


ee eee ae 
1 EUR > 


Digitized by Google 


А paper to be presented at the Pacific Coast Meel- 
ing of the American Institute of Electrical 
Engineers, Los Angeles, April 25-28, 1911. 


Copyright 1911. By A. Г. E. E. 
(Subject to final revision for the Transactions.) 
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BY C. F. ELWELL 


—Ó 


ELECTRICAL FEATURES 
The furnaces for the refining of steel electrically, which have 
passed the experimental stage, may be divided into two distinct 
groups, viz., arc furnaces and induction furnaces. 


To the former belong the Heroult, Stassano, Keller and Girod 


furnaces, and to the latter the Kjellin and Röchling-Rodenhauser 
furnaces. Of the former the Heroult furnace is perhaps the 
best known and most successful and as comparison always carries 
more weight than a description, it will be used as the representa- 
tive of the arc furnaces. The electrical features may be di- 
vided up under several heads. 


DISTRIBUTION OF HEATING EFFECT OF THE CURRENT 


Arc Furnaces. In the Heroult furnace the current passes from 
one electrode through an arc to the slag, through the slag to the 
upper metal and thence through another arc to another electrode, 
and of the current which passes through the carbons only a small 
Percentage passes through part of the metal. As the heating 
effect of the arc is far greater than any effect of the resistance of 
the charge, there must be large differences of temperature be- 
tween different parts of the bath of metal even in spite of the 
&reat activity of the bath around the electrodes. This is es- 
Pecially the case with a deep bath of metal. It is for this reason 
that Girod employs a bottom electrode, thinking thus to have 
these differences of temperature less by passing all the current 
for the arcs through the bath. From figures given in Stahl 


є Notz.—This paper is to be presented at the Pacific Coast meeting 
di the А.Т.Е.Е., Los Angeles, Cal., April 25-28, 1911. Notice of oral 
\SCussion or any written discussion should be mailed to reach the Chair- 
man of the Los Angeles Section, J. E. McDonald, on or before date of 
Meeting. Written contributions received within 30 days thereafter 
Will be treated as if presented at the meeting. 
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and Eisen for a two-ton Girod furnace, it was computed that the 
resistance of the carbon electrode was 3800 times that of the bath 
of metal and so 3800 times more electrical energy was converted 
into heat in the carbon electrode than in the bath itself. From 
this it is 5сеп that if the current in the bath of metal produces 
any considerable part of the heat of the furnace, there must be 
a large loss of energy in the carbon electrode. The only cor- 
rection for this is to make the electrodes larger, and the working 
limit has already been reached. The fact is that the bath 1s 
very little heated by the passage of the current and almost 
all the heating in this type of furnace is done by the very 
localized heatirg of the arc. The mattcr of the losses of 
energy in the carbons will be taken up under the heading of 
efficiency. 

Induction Furnaces. The principle of the induction furnace 
is already well known to you but in order to compare the Kjellin 
and Rochling-Rodenhauser types it will be well to repeat briefly 
the principle of operation and the type of construction of the 
Kjellin type. Тһе furnace consists essentially of an iron core 
around one leg of which is wound a primary winding enclosed 
in a refractory case and usually cooled by means of forced 
draught. The annular hearth surrounds this primary coil and 
is separated from it by means of refractory material. This 
hearth contains the metal and acts as a secondary winding 
of one turn. Тһе voltage induced in this turn is quite small so 
that the energy transformed from the primary coil results in a 
very large current in the secondary, which heats the metal and 
thus nearly all the electrical energy is converted into heat in the 
metal to be melted. The ring being of constant cross section, 
the heating 15 about uniform over the whole bath of metal. 
The Róchling-Rodenhauser furnace has a differently shaped 
hearth to the Kjellin furnace and a description would not be out - 
of place at this juncture. The furnaces are constructed either 
for single- or three-phase current. In the former case there 
are two grooves and in the latter, three grooves. In both cases 
these grooves, which are similar to the grooves in the Kjellin 
furnace, open into a distinct open hearth. Тһе cross section of 
the grooves is comparatively small and they form the secondary 
circuits in which the currents which heat the metal are induced. 
Lateral doors are provided so that the contents of the working 
chamber тау be watched, slag drawn off or charge put in. Тһе 
chief electrical difference between the Rochling-Rodenhauser 
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and Kjellin furnace is that a distinct secondary winding is pro- 
vided in the former and the current induced is led by means of 
heavy terminals to plates embedded in the refractory material 
of the furnace. This refractory material becomes an electrical 
conductor at the higher temperatures, and this enables an addi- 
tional circuit to be formed, so that the currents induced in the 
secondary winding pass through the bath of metal, heating the 
bath still further. The current also serves to neutralize the 
great self-induction of the secondary and a better power factor 
is obtained. The point to be recognized here is that the heating 
is uniform and not localized as in the Heroult furnace. 


VARIATION OF LOAD ON SUPPLY MAINS 


Arc Furnace. The instability of an arc is well known and the 
load on a supply circuit, even with constant watching, varies 
very greatly. If the furnace has its own gencrator the regulation 
can be effected more simply but the best furnace is one which 
can be connected to regular three-phase supply mains. То do so 
with the Heroult furnace means motor-driven electrode regu- 
lators, etc., and even then the furnace is not a very desirable 
load. 

Induction Furnaces. The changes in load on an induction 
furnace are always of the intentional kind and sudden changes 
of load are practically impossible with an induction furnacc. 


ADAPTABILITY TO CONNECTION TO SUPPLY MAINS 


In the question of power factor the Heroult furnace shows some 
advantage over the Kjellin furnace for in order to build a Kjellin 
furnace of eight-ton capacity and keep the power factor up to 
0.6 or 0.7 it was necessary to lower the frequency to five periods 
per second. As a five-cycle generator costs more than twice 
as much as a 25-cycle generator this is a serious question. But 
with the Róchling-Rodenhauser furnace the current in the second 
secondary winding can be used to neutralize the cffect of self 
induction to such an extent that a seven-ton furnace may be 
operated with 25 cycles with a power factor of 0.6 while a three- 
ton furnace оп 25 cycles has a power factor of 0.8. Тһе smaller 
Róchling-Rodenhauser furnaces are operated from 50 cycles with 
power factors of 0.85 and 0.8. In ту opinion the most eco- 
nomical way to correct this evil is by using fixed condensers which 
Cost only a small percentage of the cost of the furnace and the 
Power factor may be made as high as desired. 
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ELECTRICAL EFFICIENCY 


Arc Furnaces. The before mentioned Girod furnace with but 
one electrode of 14 in. (85.5 cm.) diameter and a current of 
6200 amperes at 60 volts showed a power loss of 10 per cent in 
the electrode alone. In the Heroult furnace the current is in 
general smaller but there are two electrodes in series and the 
result 1s about the same. Not only is energy lost in the elec- 
trodes by reason of their high resistance but a large amount is 
also lost by means of the water cooling of the jackets which is 
necessary because of their high conductivity for heat. The 
cost of maintenance of carbon clectrodes is also considerable. 
Radiation loss is greater with the arc furnaces because a great 
deal of the heat of the arc is reflected to the roof which must be 
water cooled to last, and even then has to be renewed about 
every 14 days. 

Induction Furnaces. Tests made on а 3.5 ton furnace at 
Volklingen have shown an electrical efficiency of 97 per cent which 
is a contrast to the 10 per cent lost in electrodes alone in arc 
furnaces. The electrode plates never wear out for they do not 
come in contact with the molten mctal or slag and the portion 
of the lining which acts as a conductor has been found in practice 
to last longer than any other portion of the lining. 


SUMMARY OF ELECTRICAL FEATURES 

a. Heating of metal bath is much more uniform in induction 
furnace. 

6. The variation of load is much less with the induction fur- 
nace. 

c. The adaptability to connection to existing power net- 
works is in favor of the induction furnace. 

d. The efficiency is in favor of the induction furnace. 


METALLURGICAL FEATURES 


The earlier induction furnaces, 1.е., those of the Kjellin type 
did not show many metallurgical advantages except that it was 
possible to treat much larger charges than with crucible methods. 
They were quite unsuited to working with slag because of the 
shape of the hearth and so only served to melt pure materials. 
The shape of the Róchling-Rodenhauser furnace is such that 
slags can readily be handled and refining carried on. At the 
same time it can be used for smelting work whenever necessary, 
and as much larger charges сап be worked, a considerable saving 
is made in crucible stecl working. 
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The advantages of the electric furnace are: | 

1. On account of the convenient regulation of the temperature 
attainable the phosphorus can be removed until only a trace 
remains. 

2. It is especially suitable for the most thorough desulphuriza- 
tion. 

3. When the refining is complete, the charge can be left in the 
furnace as long as may be desired without change of composi- 
tion. 

At Trollhattan, Sweden, the furnace is started by means of a 
ring of metal. The cold materials are charged gradually until 
all are melted. Continuous operation is possible by leaving a 
portion of the molten metal in the furnace after each teeming. 

At Volklingen, Germany, the furnaces are supplied with 
molten metal from basic Bessemer converters which contains 
about 0.08 per cent 5 and 0.08 per cent P. Тһе extent of the 
dephosphorization and desulphurization depends on what the 
steel is wanted for. 

Ап oxidizing slag is formed from lime and millscale or ore, 
which is removed as far as possible when dephosphorization is 
complete. Тһе re-carburization takes place and a slag free from 
iron is formed for desulphurization. А typical slag for de- 
sulphurization has a well-known white appearance and falls to a 
white powder on exposure to the air. When the slag has this 
property, the charge may be left as long as desired in the furnace. 
The furnaces are entirely emptied after each charge as the molten 
converter steel allows the load to be readily brought to a satis- 
factory figure. 

When not working, about one third of the normal energy will 
keep the furnace hot. The seven-ton furnace at Volklingen has 
been 30 hours without taking any current and was heated up 
again with normal energy consumption. Within half an hour 
_ the metal began to glow and regained its normal temperature 
after four hours and the charge was finished up in the regular 
way. At the works at Volklingen no work is done on Sunday 
but there is no difficulty in starting up the furnaces with un- 
finished charges from the previous Saturday. 

The natural circulation which take splace in induction furnaces 
serves to thoroughly mix the charge and the management of the 
Poldihütte, Austria, made a test in which seven samples were 
taken from six different places in the furnace and the analysis 
of these samples is shown in the following table: 
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Carbon Manganese Silicon Phosphorus Sulphur Chromium 

Per cent Рег cent Per cent Per cent Рег cent Per cent 
1 0.81 0.27 0.3355 0.031 0.007 1.00 
| | | 1.01 
2 0.77 0.25 0.340 ` 0.030 0.008 1.00 
| 1.01 
3 0.85 |) 0.28 0.345 0.029 0.007 1.00 
| 1.01 
4 0.82 0.27 0.335 0.030 0.009 0.98 
0.99 
5 0.78 0.25 0.335 0.030 0.009 0.99. 
0.96 
6 0.78 | 0.27 0.419 0.031 0.010 0.99 


7 0.79 | 0.28 0.326 0.030 0.009 0.98 


The furnace was teemed 37 minutes later and a sample cast 
out of the ladle gave the following analysis: 


Саров ое тыл ла Е 0.77 per cent 
Мапрапеве iocis ese QUOD Sao кк ы а ЫЕ te Ss Wee Be ea ees 0.29 s 
о КККК ООО Ge oh Oe ee ЛО Pa LEA E ar d 0.396 “ 
Phosphorus. ооо оо ао ОАЫ E ЛЫЧ 0.031 “ 
SU Ipfi este dude x ыты Seca qaos МЫ Ы V RS T 0.009 “ 
Chromium) о аа e pub Peas дық NM Vau e s 0.99. “ 


That the Róchling-Rodenhauser furnace is no longer an experi- 
ment is shown by the fact that the 3.5-ton furnace was worked 
for a whole ycar producing steel for rails, and more than 5,000 
tons have been sold. Тһе eight-ton furnace has been running 
since November, 1908, an average of 14 days to a lining and 
1,200 tons of rails to a lining. The management contemplates 
the building of a 16-ton furnace as the next step. 

At Dommeldingen the two-ton furnace is used to refine crude 
pig iron. 


| Analysis of | Analysis of | 
| charge cast 

Carbonne ы aise ca te ETE iacere 4.0 per cent 0.5 per cent 

РһҺозрһогиз.......................... 1.8 ” 0.025 “ 

5$ш1рһҺит........................... .. 0.2 е 0.03 " 

Мапкапеве.......................... 0.0 - 0.76 « 

ӨШ СОПЫ а РАДА ЖЫ ДОБЫН 1.05 е 0.056 * 
Breaking өіггіп.................. Е ГОЛОК 95.000 1Ь. рег за. іп. 
БЛОПБАНОЙ:;22525220%,5ЬР ай ашыл а наи 20 per cent 
Contraction of агеа.............. c санаса: sd dd. t4 


Duration of сопуегзіоп............................... 5 hours. 
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SUMMARY OF METALLURGICAL FEATURES 


1. Having no electrodes, facilities are provided for heating the 
bath without introducing impurities and the charge may be left 
indefinitely in the Roóchling-Rodenhauser furnace without 
change. 

2. Having a large open hearth, (in the 1.5-ton furnace it is 
60 by 26 in. or 1.52 by 0.65 m.) with doors it is possible todo any 
class of refining in the Rochling-Rodenhauser furnace much 
the same as in the open hearth furnace. 

3. When the hearth doors are closed the Róchling-Roden- 
hauser furnace is air-tight and may be left for long periods with- 
out great loss of heat, making intermittent working possible. 

4. The natural gentle movement of the charge allows of com- 
plete mixing of the ingredients of the пине and 1$ not sufficient 
to attack the lining. 

Costs 


Royalty. The German users of the induction furnace pay 
$0.65 per ton for rail steel and $1.50 per ton for crucible qualitv 
steel. This is for small daily production. For 1000 tons daily 
the royalty is placed at $0.36 per ton for rail steel and for 1200 tons 
daily it is $0.50 for crucible quality steel. 

Energy Required. A great many figures have been given out 
most of which were for small furnaces and special runs. The 
plants at Trollhattan and Volklingen being in commercial 
Operation supply the most reliable figures obtainable. 

Cold Pig and Scrap. With cold materials, refining, etc., to 
crucible quality steel is done with 600 to 900 kw-hr. per ton 
according to the size of the furnace. 

Hot Pig and Scrap. With hot pig iron and cold scrap crucible 
quality steel is obtained with 300 to 700 kw-hr. per ton according 
to the proportions of the two ingredients. and the size of the 
furnace. 

Hot Metal from the Converter. Converter material with an 
analysis of P, 0.08 per cent; S, 0.08 per cent; Mn, 0.5 per cent; 
C, 0.1 per cent is refined to steel for rails with an analvsis of P, 
0.05 per cent; S, 0.04 per cent; Mn, 0.85 per cent; C, 0.5 per 
cent with 100 kw-hr. per ton in a seven ton furnace. Same ma- 
terial is refined to high quality steel showing only traces of 
P and S; Mn, 0.2 per cent; C, 0.5 per cent with 250 kw-hr. 
per ton. 

Hot Metal from Open Hearth Furnace. Material from open 
hearth furnace, already dephosphorized and desulphurized and 
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containing 1.22 per cent С; Mn, 0.38 рег cent; Si, 0.21 per cent. 
to high quality steel with 200 to 250 kw-hr. per ton. 

Cost of Production. (1) For a 1.5-ton furnace melting scrap 
and refining to pour best steel for steel castings. Furnace of the 
three-phase, tilting type. 50 cycles, 210 kw. and power factor 0.80. 

Interest Charges. Cost with all accessories about $9,000. 
With 10 per cent for interest charges gives $900 annually. Using 
200 working days in a year and six charges, 3 to 3.5 hours each, 
daily and 1500 lb. to a charge gives 4.2 tons daily and 1,220 tons 
yearly. This is equivalent to about 21 hours working. Cost 
per ton for intcrest, $0.74. 

Labor. Two men can attend to this furnace with ease, as the 
clectrical part requires no special attention. The melter adjusts 
the temperature and watches the metallurgical process. Тһе 
helper sees to the fan and charging etc. Allowing two shifts and 
$5.50 per shift or $11 daily gives a labor cost of $2.62 per ton of 
steel. 

Lining. Relining may be done every 8 or 14 days. It takes 
three tons of magnesite and 0.36 ton of tar to completely reline 
the furnace. The relining is done with half new material and 
half old. For getting out the old lining, mixing material and 
putting in the new, four men are allowed 16 hours. Cost of 
lining per ton of steel, on an average, $1.50. 

If lined with dolomite, which is cheaper, and every 14 dus 
then lining cost allowing one third material recovered is $1.00 
per ton of steel. 

Keeping Warm. When the furnace 16 not used for several 
hours during the night, it must be kept warm, for which about 
a third of the working amount of euergy 1s necessary. Іп this 
way if normal energy is 200 kw. then about 200 kw-hr. will be 
necessary to keep the furnace warm over the three-hour period of 
rest. For six working days this is necessary five times and 1000 
kw-hr. must be charged up to heating. 

Cost of keeping furnace warm at $20.00 per kw-yr. is $0.09 
per ton of steel. 

Cooling of Transformer. The blower takes a 2.5-h.p. motor or 
1.8 kw. and for 24 hours = 43 kw-hr. 

Cost of cooling transformer per ton of steel, $0.02. 

Energy Consumption. From cold materials about 850 to 
900 kw-hr. are necessary, in this size furnace. Taking larger 
figure the cost of energy per ton is $2.06. 

Royalty. In the United States, on the basis of a plant of 50 
tons daily the royalty would be about 50 cents per ton. 
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SUMMARY OF COST 

Interest charges: сы ы ӨЗЕК КА eR wee ee $0.74 
TBO ГКК КТК ОКТ Ado КАМЫН ГЛ ЫС hae a dci 2.62 
Dining ae t М Rae dise ee О а ордада 1.50 
Keeping furnace warm and соойпв.................................. 0.11 
Royalty (арртох.).............................................. ORC 0.50 
Energy for meiting and гейпіпд..................................... 2.06 

То а D isd ch Reh ar aa ие Bs а ee Race eae $7.53 


The figure $7.53 is the working cost which must Бе added to the 
cost of the materials in order to find the cost of crucible quality 
steel from scrap. The above figure would be more reasonable 
with larger furnaces. 

Cost of Production. (2) For a two-ton, 300 kw., three phase 
tilting furnace.— Molten converter steel to quality steel for castings. 

Cost with all accessories about $12,500. With 10 per cent 
for interest charges gives $1250 per annum. Allowing 250 
working days in the year and 16 tons per day gives 4,000 tons 
per annum or $0.31 per ton of steel. 


Interest charges per ton of біесі.................................... $0.31 
Power for heating up, рег ton of бЕееі............................... 0.02 
Power for refining, allowing upper figure of 300 kw-hr. at $20 per kw-yr.. 0.68 
Air cooling of furnace соге......................................... 0.01 
Cost of lining every ten days. (German Яшиге.)...................... 0.35 
Wages allowing $16 per дау........................................ 1.00 
Royalty on basis of 50 tons дай у.................................... 0.50 

Total cost per ton of віеві..................................... $2.87 


This figure would give a good idea of the cost of converting 
molten pig iron into steel, exclusive of the ferro alloys. 

Cost of Production. (3) For a five ton, 550 kw., three phase 
tilting furnace.— Molten converter steel to crucible quality steel. 

Cost with all accessories about $22,000. With 10 per cent 
for interest charges gives $2,200 per annum. Reckoning 250 
working days in the year, each one with eight heats of five tons, 
the yearly production would be 10,000 tons, or $0.22 per ton for 
interest. charges. 


Тя $0.22 
Power including heating ар. For а monthly average of 230 to 280 kw-hr. 

per ton and taking the higher Ышчге............................ 0.64 
Cost of lining. (German Вңиге.)).................................... 0.30 
Wages allowing $20 per дау........................................ 0.50 
Air cooling of сотге................................................. 0.01 
Royalty (Арргох.) Basis of 50 tons дал |у........................... 0.50 

Total шу еу wie ыла a eae a а Факел талын ина foe eds $2.17 


Cost of Production. (4) For а seven ton, 750 kw., three-phase, 
25-cycle, 0.6-power factor tilting type furnace.—Converting molten 
converter steel into high grade rails. For analysis see page 626. 
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Cost with all accessories $27,000. Interest charges at 10 per 
cent gives $2700 per annum. Allowing 100 tons daily (the 
makers claim a production of 140 tons) and 250 working days in 
the year gives a yearly production of 25,000 tons of rail steel 
and interest charges per ton of steel = $0.11. 


Interest charges cuo чик ыы ы ORE ENIM tena а ЕТЕР CaS eres $0.11 
Power for heating йршшк а ай шишке aS eee ee a see ea eee de 0.01 
Power for refining. Makers claim 100 kw-hr. рег ton. Allowing 150 kw- 

hr: DOE PON Lg venues aude deed ae ғын Шаа Wee Mrd isis 0.34 
Power for соойіпр................................. CI о NOSE 0.01 
Cost of lining. Pneumatically tamped. Two foremen and six laborers 

or $21 00 daily. Per оп аа оао 0.02 
Cost of lining material. (German Яриге)............................ 0.06 
Wages. Two head melters at $3.00 and 10 helpers at $2.50 $31.00 per ton.. 0.31 
Royalty on rail steel, one furnace іп U. 8............................ 0.35 

ТОКА or cese t Rad etx on Maia ысы ея $1.21 


This is the conversion cost which added to the value of the pig 
and ferro alloys, etc., gives the cost of steel for rails. The 
Prussian Railways paid $10 extra per ton for rails made in this 
furnace and were well pleased with the product. 

Cost of Production. (5) For a seven-ton, 750-kw., three-phase, 
25-cycle, 0.6-power factor, tilting type furnace.— Molten converter 
steel to highest quality steel. For analysts see page 626. 

This furnace will produce about half the steel of this quality 
as when working on rail steel ог 50 tons daily. 

'The cost per ton under these conditions is about $2.00 per ton 
including royalty. 


SUMMARY OF COSTS OF PRODUCTION EXCLUSIVE OF MATERIALS 


1.5-ton furnace melting scrap and refining to pour high grade steel for 
castings. Рег ТоЙ ааа АЕ KEYS S ics $7.53 


2-ton furnace refining molten converter steel to high grade steel. Per ton.. 2.87 
5-ton furnace refining molten converter stecl to high grade steel. Perton.. 2.17 
7-ton furnace refining molten converter steel to high grade steel. Perton.. 2.00 
7-ton furnace refining molten converter steel to high grade rails. Per ton.. 1.21 
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SOME RECENT DEVELOPMENTS IN RAILWAY 
TELEPHONY 


BY GREGORY BROWN 


— 


The standard means of communication on railroads for des- 
patching and blocking trains and transmitting messages for the 
past 60 years has been the telegraph. ` Although the telephone 
obviously possessed some advantages over the telegraph for 
railroad work, the fact that the railroads had been using the 
telegraph for such a long period and with such reliable results, 
made them loath to adopt a new and to them untried arrange- 
ment. About four years ago, however, a combination of cir- 
cumstances arose which strongly focused the minds of railway 
officials upon the feasibility of the telephone to replace the 
telegraph for railroad work. The most important circumstance 
causing this result was the enactment of a federal law limiting 
the working hours of an operator transmitting or receiving orders 
affecting train movements, to nine hours. In addition to this, 
there had been a growing difficulty among the railroad companies 
in securing a sufficient number of competent operators to take 
care of the natural increase in business. It was also felt that 
the efficiency of the railroad telegraph operators had been 
steadily decreasing for some time, this state of affairs probably 
being brought about by the attitude of the Telegraphers’ Or- 
ganization toward student operators. 

It was estimated that it would be necessary to employ about 
15,000 more operators on the railroads throughout the country 
when the federal nine-hour law went into effect and this large 
increased expense, together with the difficulty of obtaining good 
operators, сайзе the railway officials carefully to investigate 


NoTE.— This paper is to be presented at the Pacific Coast meeting, 
of the A.L.E.E., Los Angeles, Cal., April 25-28, 1911. Notice of oral 
discussion or any written discussion should be mailed to reach the Chair- 
man of the Los Angeles Section, J. Е. McDonald, on cr before date of 
meeting. Written contributions received within 30 days thereafter will 
be treated as if presented at the mecting. 
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the possibilities of the telephone in place of the telegraph, for 
handling train movements and message work. ! 

Up to this time the use of the telephone by the railroad com- 
panics had been somewhat limited. It had, however been in 
use for a number of years for the transaction at terminals and 
division points of miscellaneous business between departments 
and throughout the yards, and also in some cases for the handling 
of trains in the immediate vicinity of the terminal. In addition 
to the above, many of the roads have been using the composite 
telephone in some of their divisions, to assist in the handling 
of trains and for general railroad business. There have also 
been two or three instances where the telephone has been in use. 
for a number of years for despatching of trains. As early as 
1883 this means of handling traffic was used on the New Orleans 
and Northeastern Railroad, ordinary magneto telephones being 
used, together with code ringing. The telephone circuit was 
about 100 miles in length and consisted of one iron wire, and 
orders were issued for the handling of four regular trains a day, 
together with numerous work trains. 

The Lake Erie, Alliance & Wheeling Railroad has been oper- 
ating a line of single track road for a distance of about 100 miles 
by telephone exclusively for a number of years, with equipment 
not to be compared with that now available for this service. 

The first telephone train wire using improved equipment was 
installed in October, 1907 by the New York Central between 
Albany and Fonda, New York, a distance of 40 miles. Shortly 
after this the Burlington installed a circuit on a double track 
section and later several circuits on single track divisions. The 
success attained with these installations conclusively proved 
that the telephone could be used to advantage for railroad work, 
and since that time the railroads have been rapidly equipping 
their divisions with the telephone. 

The object of this paper is to outline the requirements to be 
met in railroad telephone service and to describe briefly the cir- 
cuits and apparatus developed to meet these requirements. 

During the long use of the telegraph by the railroads they have 
built up an efficient organization for handling trains by this 
method, and have thoroughly standardized in the method of 
doing this business. In order to determine the requirements to 
be met by the telephone, if it is to take the place of the telegraph 
throughout a railroad division, it will be necessary to examine 
the methods used and the results obtained bv the use of the 
telegraph. 
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There are three main classes of service on every division which 
are performed by the telegraph. 

1. Train despatching. 

2. Message service. 

3. Block wire service. 

The train despatching circuit, or train wire, as it is gencrally 
termed, extends along one division and 1s used exclusively by the 
despatcher located at the division point for issuing orders re- 
garding train movements to, and receiving train reports from, 
operators along the line. The average length of division is 
about 130 miles (209 km.), which is divided into a number of 
sections or blocks, averaging about 20 to 25, there being located 
at the beginning of each block an operator controlling that block. 
The length of division and number of operators, however, vary 
greatly, some divisions being over 250 miles (402 km.) long and 
having between 50 and 60 operators on the linc. 

The despatcher has supreme control of cach division, in so far 
as train movements arc concerned, and he handles the business 
somewhat as follows: Each division has its printed schedule 
of trains, which contains the time of passing all stations and 
towers, also time and place of meeting for all regular trains, 
both passenger and freight. In addition to the regularly sche- 
duled trains, there are more or less extra trains to take care of the 
varying volume of business, and also there are delays which in- 
variably occur, particularly in freight service, due to condition 
of motive power, time of loading cars, weather, ctc. 

The above conditions constantly disarrange the schedule and 
as it is the despatcher's duty to keep traffic moving with the 
minimum delay, giving preference to the proper classes of trains, 
such as mail, passenger and perishable freight, it will be readily 
understood that he is at all times confronted with a complicated 
problem, the proper handling of which requires great judgment 
and foresight. 

Each of the operators at the block stations has complete 
control, under the direction of thc despatcher, of his block 
section. It is his duty to report to the despatcher the time of 
arrival апа departure of trains, and also to transmit a large 
amount of miscellaneous information concerning the cause of 
train delays, nature and extent of accidents, hot boxes, broken 
gears, length of time required to repair, track condition and 
various other items which arc factors that the despatcher must 
take into consideration іп planning his train movements. 
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The bulk of the despatcher’s outgoing business consists in 
giving train orders to one or more of the operators who, in 
turn, transmit the orders to the proper train crews. А large 
proportion of the orders are transmitted simultaneously to 
several operators. The despatcher calls the operators inter- 
ested and when they are all prepared, he transmits the message, 
and they cach in turn repeat it back, in order that the despatcher 
may know that his order is properly understood. In addition 
to the transmission of an order to a group of operators, it will 
be remembered that the sounders in all the other offices are re- 
peating the same order. This permits every operator on the 
line, if he so desires, to hcar the orders being given and to keep 
in touch with traffic conditions. | 

It will easily be seen that it is of the utmost importance that 
no interruption occur in train wire scrvice, as the despatcher's 
inability to communicate with the operators would practically 
result in tving up the traffic of the division. In order to provide 
for interruptions in service which might occur, due to line 
troubles, it is customary to loop all the telegraph wires on the 
line through telegraph peg switchboards located in most of the 
towers. Ву this arrangement it is possible, should any portion of 
the train wire get in trouble, for the operators in the affected 
district to cut out the defective section of wire and connect in 
its place a portion of any other telegraph line on the division. 
This, of course, would interrupt the service on the line which 
was used for patching, but the importance of maintaining the 
train wire is so great that апу other available wire is used for 
patching until the defective portion of the train wire can be 
repaired. 

The above describes in a general way the manner in which the 
telegraph is used in train despatching. We сап now specify the 
requirements which are being met by the telegraph for this 
service and which the telephone must mect in order to success- 
fully compete. "These requirements are: 

l. Ability to signal any one of 50 or more stations on a 250- 
mile (402-km.) line and ability to signal despatcher from any 
of the stations. 

2. Arrangements whereby any number of stations can simul- 
taneously listen in. 

3. Means for quickly testing and patching any portion of the 
circuit which gets into trouble. 

In addition to the above requirements, the telephone owing to 
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its greater flexibility can be arranged to permit of other oper- 
ating advantages not possible with the use of the telegraph. 
Among these are the following: 

a. Provision whereby officials who are not telegraph operators, 
but who are directly interested in the movement of traffic, 
as for instance, train masters, yard masters, division supcrin- 
tendents, etc., can listen on the wire and keep in touch with 
traffic conditions. 

b. Arrangements permitting the signaling of stations without 
interrupting conversation. This feature results in saving a 
considerable amount of time. 

c. Automatic notification to the dispatcher that the station 
he is calling is receiving the signal. 


SIGNALING 


The first requirement is the ability to signal any one of 50: or 
more stations on a 250 mile (402-km.) line. 

The problem involved here is selective signaling on a long and 
very heavily loaded line, and is an extreme condition which has 
not been met with in commercial practice. When consideration 
is also given to the degree of reliability required for this service, 
it will be seen that the development of special apparatus was 
necessary. The instrument used for this purpose is called a 
selector and is installed at the substation and so designed that 
the despatcher at will can cause any selector to operate and close 
a contact, thereby signaling that station by ringing a bell or 
Causing a signal to be displayed. There are three general types 
Of selectors which have been developed for this purpose, oper- 
ating on three different principles: 

1. Instruments responding only to a certain number and 
sequence of long and short current impulses or long and short 
intervals between impulses. In this case the only instrument on 
the line that would function properly and close its contact 
would be the one which was adjusted to respond to the particular 
code arrangement of impulses which were being impressed on the 
line. 

2. Instruments arranged to be started simultancously by the 
despatcher and to operate independently but in synchronism 
with each other by means of local energy at the station. Тһе 
despatcher's sending device being so arranged that at a pre- 
determined instant one impulse is sent out on the line which 
at this instant 15 provided with a path through one selector 
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contact only, the other selectors either having passed their con- 
tacts or not having reached them. 

3. Instruments of the so-called step-by-step type which are 
stepped around in synchronism by a succession of impulses 
from the despatcher’s office, the number of impulses sent de- 
termining the station called. 

What is known as the Gill selector is an instrument of the 
first or code impulse type. This device has been used for a 
number of years to selectively signal telegraph offices, and for 
this service it is connected in series with the back contact of the 
telegraph relay and battery. When the proper code is sent 
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over the line, the selector will function and ring the bell, but by 
using ordinary Morse characters it is practically impossible to 
reproduce the code and falsely call. As this selector had been 
pretty well tried out for telegraph service, it was but natural 
that it should be one of the first used with the telephone. Fig. 1 
shows a view of this instrument with the glass cover removed. 
It consists essentially of a ratchet wheel, an electromagnet whose 
armature is arranged to step the wheel forward, a retaining pawl 
to retain the teeth stepped and a mechanical time element whose 
function it is to permit the retaining pawl to assume either one 
of two positions, according to the length of the impulse of current. 

The time element is seen at the right of the instrument and 
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consists of a metal wheel fastened to a small diameter shaft so 
arranged that it can roll down an inclined rod. 

The fact that it is the small diameter shaft of the comparatively 
large wheel, that rolls down the incline causes the descent to take 
an appreciable time. When the stepping arm is in its upper posi- 
tion it prevents the whecl from descending, but when it moves 
to the lower position due to current, the wheel starts to roll 
and will reach its lower limiting position provided the current 
impulse is of long enough duration. If, however, the impulse is 
short, the stepping arm will return to its upper position due to the 
retractile spring, and prevent the wheel from descending its full 
distance. It will thus be seen that a long impulse permits the 
time element to function while a short impulse does not. 

Fig. 2 shows a diagrammatic view of the ratchet wheel and 
retaining pawl. The time ele- 
ment wheel, through a system 
of levers, 1$ so arranged that 
it permits the retaining pawl 
to fall in the ratchet: teeth to 
one half their depth if it isin 
its upper position and to the 
full depth if it is in its lower 
position. | 

The teeth of the ratchet 

wheels on the selectors are 
all cut differently, some are 
perfect ratchet teeth, some 
have a diagonal slot sawed 
in their lower half, while others have the top half of the tooth 
diagonally cut away. Fastened to the pawl is a semi-circular 
piece which falls behind the teeth and holds the wheel from 
returning to normal when the stepping pawl is in its up 
Position, preparatory to making another step. If, however, the 
lower or upper half of a tooth, against which the piece rests, is 
diagonally cut away, it will push the pawl to one side and the 
Wheel will return to normal position under the influence of its 
retractile spring. 

In order that the retaining pawl hold cach tooth stepped 
Of a given selector, its position with relation to the face of the 
teeth must be such that at no time does it rest against a portion 
Of a tooth face that has been diagonally cut away. This con- 
dition is brought about only in the case of a selector which is 
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being operated by its proper sequence of long and short impulses, 
and this is the only selector that will close its contact and signal 
its station. | " 

Fig. 3 shows a despatcher's sending key cabinet with the 
cover removed. There is a key for each selector and each key 
consists of a train of gears, whose speed of rotation 15 controlled 
by an escapement, and when operated a specially cut code wheel 
makes one revolution sending out on the line a certain code of 
impulses. 

Fig. 4 shows a schematic diagram of the first type of way- 
station circuit that was used with this selector. The closure of 
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Fic. 3.—Sending keys 


the contact of the line relay puts local battery current through 
the selector and steps 1t around. When the selector contact is 
made, local current flows through the right-hand spool of the 
polarized relay closing its contacts and ringing the vibrating bell. 

The lower relay contact closes the battery through the bell 
while the upper contact places a shunt on one side of the line 
around the line relay and through a one-tenth microfarad con- 
denser and vibrating bell contact. This shunt through the vi- 
brating contact introduces a tone on the line and is heard in the 
despatcher's receiver, thus notifying him that the station bell is 
being rung. 
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In the first installations of this type of apparatus the line 
circuit arrangement was as shown in Fig. 5. It was thought 
advisable to use a line relay at every station and operate the 
selectors and bells by local battery. In order that the sending 
impulses might not introduce enough niose in the receiver bridges 
to interfere with conversation while the despatcher was signaling 
and also to permit each line relay to receive the same amount of 
current, a grounded simplexing arrangement was used for sig- 
naling, the relays being placed in series with the line. Relays 
at alternate stations were connected in opposite sides of the line, 
so as to maintain balance as nearly as possible. With ordinary 
relays placed in series, the transmission loss would, of course, be 
very considerable. The relays used therefore on the first in- 
stallations were of a sensitive type having an inductive winding 
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Fic. 4.—Sub-station circuit 


of 20 ohms and a non-inductive shunt of 30 ohms. This was, in 
fact, a type of telephone supervisory relay, and from a trans- 
mission standpoint was the most efficient relay available. Al- 
though the transmission loss in the relay was reduced to a 
minimum, it was still appreciable especially on a long line with 
Тпапу stations and several receivers off the hook. Іп addition 
to this, the shunt winding of the relay made a very inefficient 
arrangement for operation, as, of course, the signaling current 
oing through the non-inductive shunt represented a clear 
waste. Another objection to this circuit that was found in 
Dractice was noise introduced from the grounds and unbalance, 
as it is almost impossible to balance the line with series relays. 
Also the effect of lightning on the series arrangement was found 
to be rather disastrous. Тһе troubles experienced with this 
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md type of selector which has been extensively used, 
tors maintained in synchronism by local energy at 
Поп, is what is known as the Wray-Cummings se- 
р. 7 shows the despatcher’s master sending outfit and 
Ows the substation selector. The master selector 
а standard clock-work mechanism, to the second hand 
Б attached a contact arm. Іп the path of this contact 
thirty insulated segments which are arranged so that 
them can close battery current through a relay when 
act arm engages with this particular segment. The 
br despresses any of the locking push buttons shown at 
"of the figure and then operates the key mechanism 
the door. This mechanism is merelv a retardation 
anged so that when operated a contact is made for a 
time sufficient to operate the relays which start the 
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and all the station clocks. The substation sclector is 
to the despatcher’s clock mechanism except that each 
IN is equipped with but one contact arranged to engage 
Lthe revolving arm. These contacts at the various stations 
Adjusted at different angular displacements from the normal 
tion of the contact arm. When the despatcher has started 
‘пе Clocks simultaneously, it is evident that the contact arm 
© master selector will have reached, say its tenth point at 
» Same instant that the tenth selector has reached its point. 

this instant there are no other selectors which are on their 
Ес point and due to the fact that the tenth point on the 
SPatcher's clock is connected by means of a locked push button 

cause current to flow on the line, the signaling mechanism 
at the desired station will be operated. Fig. 9 shows the circuit 
arrangement at the despatcher's office and at the way-station. 
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circuit блаПу еа to the development of a new circuit, as shown 
in Fig. 6. In this arrangement there are no grounds on the line 
апа no line relays used. The sclectors are wound to 4,500 ohms 
resistance and placed directly across the line. In series with the 
selectors is placed the proper amount of tapering resistance, so 
that the amount of signaling current through each bridge will be 
the same. 
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The answer back is obtained by including, in series with 
the selector contact bell and battery, a secondary winding on the 
spools of the selector. Аз the bell vibrates it induces current 
іп the selector windings which produces а tone in the despatcher's 
receiver. With this circuit. arrangement. the normal current 
for the operation of the selectors is ten milliamperes. The 
current, however, can fall considerably below this without af- 
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Fic. 6.—New line circuit 


fecting the operation of the selectors. The retardation coils 
and condensers at the despatcher’s end of the line are used to 
cut down the peak of the current wave to such a point that the 
noise in the receivers while the signal is being sent is not enough 
to interfere with conversation. In this circuit it is necessary to 
introduce a condenser in series with the receivers across the line 
in order that the signaling current may not be ылы. through 
the talking bridges. 
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The second type of selector which has been extensively used, 
that is, selectors maintained in synchronism by local energy at 
the substation, is what is known as the Wray-Cummings se- 
lector. Fig. 7 shows the despatcher’s master sending outfit and 
Fig. 8 shows the substation selector. The master selector 
consists of a standard clock-work mechanism, to the second hand 
of which is attached a contact arm. In the path of this contact 
there are thirty insulated segments which are arranged so that 
any one of them can close battery current through a relay when 
the contact arm engages with this particular segment. Тһе 
despatcher despresses any of the locking push buttons shown at 
the right of the figure and then operates the key mechanism 
shown on the door. This mechanism is merely a retardation 
device arranged so that when operated a contact is made for a 
length of time sufficient to operate the relays which start the 
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master and all the station clocks. Тһе substation selector is 
similar to the despatcher's clock mechanism except that each 
station is equipped with but one contact arranged to engage 
with the revolving arm. These contacts at the various stations 
are adjusted at different angular displacements from the normal 
Position of the contact arm. When the despatcher has started 
all the clocks simultaneously, it is evident that the contact arm 
On the master selector will have reached, say its tenth point at 
the same instant that the tenth selector has reached its point. 
At this instant there are no other selectors which are on their 
Contact point and due to the fact that the tenth point on the 
despatcher's clock is connected by means of a locked push button 
to cause current to flow on the line, the signaling mechanism 
at the desired station will be operated. Fig. 9 shows the circuit 
arrangement at the despatcher's office and at the way-station. 
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When properly adjusted this selector has given satisfactory 
service. It, however, requires one minute to call the thirtieth 
station. 

The third class, or step-by-step selector, is represented in Fig. 
10 which shows the Western Electric selector. This device 1s 
probably the simplest and quickest so far used for this purpose 
and consists of two electromagnets connected in series and 
mounted in a brass frame. Each magnet is equipped with two 
spools, the cores of one of the magnets being covered with copper 
sleeves to produce slow action. Fig. 11 shows the schematic 
diagram of the lever movements. Upon the fast-acting lever is 
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Fic. 8.—Wray-Cummings selector 


mounted a stepping pawl 4 designed to engage with a ratchet 
wheel to which is fastened a platinum pointed arm. Mounted 
оп the framework 15 a retaining pawl В designed to retain the 
teeth as they are stepped. Attached to the slow-acting arma- 
ture are two fingers designed to engage with the two pawls in 
such a way that when in the normal position of the slow acting 
armature, the two pawls will be held out of engagement with the 
wheel, while in the operated position the fingers will permit the 
pawls to engage with the wheel. "This selector is operated by 
first placing on the line an impulse of current which operates both 
magnets. There is then placed on the line a succession of short 
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impulses, which cause the stepping magnet to oscillate back and 
forth and step the wheel around the desired number of steps. 
The speed with which these impulses are placed upon the line 
however, does not permit of the slow-acting magnet releasing. 
When the desired number of steps are taken, the contact is made 
and current is held on the line, thus ringing the bell. 

As soon as current is removed from the line the slow-acting 
magnet releases, which raises the pawls and permits the whecl 
to fall back to normal position under the influence of its retractile 
spring. When a station is called, say for instance No. 10, 
all the selectors take ten steps and the selectors at the first nine 
stations will momentarily make their contacts as they step 
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around; thus momentarily the local station battery circuit 1s 
Closed at these stations. This, however, will not cause the bell 
to ring for the following reason: The selector operatcs at the 
Tate of from 8 to 10 steps per second, and the arrangement of the 
Contact spring C, Fig. 11, is such that it follows the movement 
of the stepping lever and during a stepping cycle makes contact 
With the contact arm in but a small percentage of the one-tenth 
Of a second necessary to take a step. This action is of such 
Momentary duration that there is no danger of a false signal being 
£lven. It will be noted that the contact arm of the wheel in its 
Normal position rests against an insulated contact or stop piece. 
On the other side of this stop piece is fastened a platinum con- 
tact which will engage with the contact arm when the wheel has 
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gone around to its limiting position. This stop piece is angu- 
larly adjustable and permits easy adjustment of any selector 
for any station. It is sometimes necessary, as will be explained 
later, to produce a simultaneous signal at all the stations and 
that is the function of the contact on the stop piece, it being 
only necessary to send out the proper number of impulses on the 
line which will cause all the selectors to engage with this contact. 

Fig. 12 shows the local battery way-station circuit used with 
this selector. There are two 40-ohm retardation coils placed on 
either side of the selector as a protection against lightning. The 
selector is wound to 3,750 ohms and is connected with the proper 


Fic. 10.—Western Electric selector 


taper resistance to produce equal current in all the bridges. 
When a station is called, contact A 15 made, which closes the 
local battery through the vibrating bell. The bell is also 
equipped with a front contact which makes and breaks a 10,000- 
ohm resistance across the line and gives the despatcher an answer 
back. 

This selector is also arranged to ring a bell by means of the 
battery located at the despatcher's office, thus eliminating the 
local battery at the substation. Fig. 13 shows the apparatus 
so arranged. When using central batterv to ring the bell it is 
necessary, of course, to have it high wound. Іп this case, its 
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resistance is 1100 ohms and a taper resistance is used in serie 
to produce the same current through the bell wherever it may be 
located on the line. It was found that if the taper resistance 
used for the selector was also used for the bell, the drop in voltage 
due to the combined current passing through the resistance was 
great enough to reduce the 
current to an objectionable 
extent. Separate taper re- 
sistances are, therefore, used 
on the bell circuit. Fig. 14 
shows the despatcher’s send- 
ing key, one being used for 
each station. These keys are 
mounted by means of a latch 
in a suitable cabinet and can 
be individually and quickly 
removed without disturbing 
electrical connections. They 
Fic. 11.--Lever movements of consist of a train of gears 
ышы whose speed is controlled by 
an improved silent governor. The contact wheels are the same 
in all keys of a given type but are adjusted for each station Бу 
moving the segments so as to uncover the proper number of 
teeth for the station desired. 
This feature makes the keys universal and as the selectors 
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are easily adjustable to any station, they are also universal, 
апа a spare selector and key kept on hand can be arranged 
quickly to replace апу selector or key which may become de- 
fective. 

Fig. 15 shows the despatcher’s and line circuit. The contacts 
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of the sending keys are all arranged in parallel so that the opera- 
tion of any one will cause the sending relay to operate and 
place main battery current оп the line. Capacity and resistances 
are placed around the contacts to reduce the sparking. The 
noise of sending is reduced by leading the battery current 
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Fic. 13.—W. E. Substation circuit (central ring) 


through three retardation coils and placing six-microfarad con- 
densers across the linc. It was found that if on a despatching 
wire the line should from any cause break, leaving but few 
selectors on the line, the current through the selector bridges 
would rise to such a point, due to the fact that the total voltage 


Fic. 14.—W. E. sending key 


was still used, that the selector stepping armature would stay 
іп its forward position when stepping impulses were sent on the 
line instead of oscillating and stepping the wheel. This was a 
serious objection as, in case of an accident of this kind, the des- 
patcher would be unable to call the stations between him and the © 
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break. It was found that this sticking occurred more or less in 
all types of selector operated by impulse from the despatcher's 
office. Тһе fault was overcome to a certain extent with the 
Western Electric selector by designing the magnetic circuit of the 
selector so that under normal current it would be fairly near 
saturation, excessive current not increasing the pull of the 
armature very much. This remedied the objection somewhat, 
but upon further investigation, it was found that with excessive 
current going to the line, the six-microfarad condensers, used for 
quieting the circuit at the despatcher's office, becoming more 
highly charged under this extreme condition, tended to hold the 
selectors up during intervals between stepping, due to their dis- 
charge over the line and through the bridges. In order to count- 
eract this effect, the sending relay was equipped with an extra 
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contact 4 so constructed that the closure of the battery con- 
tact B caused the opening of: А, and the instant that contact B 
broke, contact A made. In series with contact A across the 
line was placed a 250-ohm resistance. This arrangement pro- 
vides a comparatively low resistance path for the discharge of 
the condensers and prevents their discharging to any great 
extent throughout the line and holding the selectors up. 

In addition to the three types of selectors described, there are 
polarized types of selectors which I believe have been used to a 
Small extent. This type of selector generally employs current 
of one polarity for stepping and of the opposite polarity for 
ringing. The objection which has been brought forth against 
Polarized apparatus has been that it is necessary to maintain 
the line poled in one direction all the time, as a reversal of the 
line wires will cause all the selectors beyond this point to fail. 
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The liability of reversing lines due to line repairs, patching, 
etc., seems to be great enough to raise a serious objection to 
polarized apparatus. 

The foregoing description covers in gencral the means used 
by the despatcher for signaling the various stations. The tower 
operator, when he wants to communicate with the despatcher, 
listens in to learn whether the line is busy, and if it is not, he 
merely says “ despatcher " in the transmitter. The despatcher 
wears a head receiver and central office type of chest transmitter 
and is on the linc all the time. 

The second requirement which must be met by the telephone 
as used on a train wire are mcans whereby any number of stations 
can simultancously listen in. 

As we will have to refer to transmission values it might be 
well at this point to explain the units used. 

In giving a value to a certain qualitv and volume of trans- 
mission it is said to equal a certain number of miles of cable. 
This means that the number of miles stated is such that when 
standard instruments are used for this distance over No. 19 
gauge telephone cable of 0.06 microfarads capacity per mile, the 
value of transmission will be the same. It is considered that 
the commercial lmit of good transmission is 30 cable-miles. 
This value can Бе equated in terms of any other kind of circuit. 
One mile-cable loss is equivalent to the loss sustained in 16 miles 
(25.7 km.) of No. 9 B. & S. copper and as this is the standard size 
of wire used on despatching circuits, it will be seen that the line 
may be 480 miles (772 km.) long before the so-called commercial 
limit is reached. This is considerably longer than any of the 
circuits in use, there being but few over 250 miles (402 km.) in 
length. There is, therefore, a surplus of transmission available 
which can be taken advantage of in arranging circuits to permit 
several operators to listen іп simultancouslv. Тһе loss occa- 
sioned by the selector bridges is almost negligible, the im- 
pedance to talking frequencies of the W. E. sclector being about 
90,000 ohms. This value 1$, such, that the loss sustained when 
forty sclectors are across the line is only one mile of cable. 

The first form of substation talking circuit used on train wires 
was the standard local battery circuit, which is schematically 
shown in Fig. 16. It will be scen that during conversation, the 
condenser, receiver and secondary of the induction coil are in 
series. The resistance of the secondarv of the coil used was 20 
ohms, and of the receiver 70 ohms, a two-microfarad condenser 
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being used in series. The total impedance of this bridge to 
talking current is approximately 600 ohms, about 300 ohms of 
which are active for receiving purposes. It is obvious that when 
a number of these sets are bridged across the line at once, the 
joint impedance of the parallel paths is very low and the trans- 
mission correspondingly difficult between widely separated sta- 
tions. 

The first step towards overcoming this difficulty was to raise 
the impedance of the talking bridge by the use of a different 
induction coil, wound with a low primary and a high impedance 
secondary. This bettered matters somewhat as the higher re- 
sistance bridges produced a more even distribution of the talking 
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Fic. 16.— Local battery telephone circuit 
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current from the despatcher's office, and would give better out- 
going transmission from the substations. Although the des- 
patcher's voice currents were undoubtedly better distributed 
among the bridges with this arrangement, still, due to the fact 
that the bulk of the impedance in the bridges was in the second- 
ary of the coil, the receiver having a resistance of but 70 ohms, 
the transmission gain was very slight. 

The next obvious step would be to maintain the high im- 
pedance in the talking bridge but put as much of this impedance 
as possible in the receiver. If this were done, however, the high 
impedance receiver in series with the secondary of the induction 
coll would reduce the outgoing transmission from the sub- 
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being used in series. The total impedance of this bridge to 
talking current is approximately 600 ohms, about 300 ohms of 
which are active for receiving purposes. It is obvious that when 
a number of these sets are bridged across the line at once, the 
joint impedance of the parallel paths is very low and the trans- 
mission correspondingly difficult between widely separated sta- 
tions. 

The first step towards overcoming this difficulty was to raise 
the impedance of the talking bridge by the use of a different 
induction coil, wound with a low primary and a high impedance 
secondary. This bettered matters somewhat as the higher re- 
sistance bridges produced a more even distribution of the talking 
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Fic. 16.— Local battery telephone circuit 
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current from the despatcher’s office, and would give better out- 
going transmission from the substations. Although the des- 
patcher's voice currents were undoubtedly better distributed 
among the bridges with this arrangement, still, due to the fact 
that the bulk of the impedance in the bridges was in the second- 
ary of the coil, the receiver having a resistance of but 70 ohms, 
the transmission gain was very slight. 

The next obvious step would be to maintain the high im- 
pedance in the talking bridge but put as much of this impedance 
as Possible in the receiver. If this were done, however, the high 
impedance receiver in series with the secondary of the induction 
coil would reduce the outgoing transmission from the sub- 
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station to an objectionable extent. It was then determined that 
the best results, both for receiving and transmitting, would be 
obtained by installing a switching arrangement at the sub- 
station so that when the switch was in one position the circuit 
was in the best possible condition for receiving and when in 
the other position was in the best possible condition for trans- 
mitting. The circuit developed is shown in Fig. 17, the circuit 
to the left representing the despatcher's station and to the right 
the way station. 

It will be noted that a non-locking push button 15 located at 
the way station and in its normal position the bridge across the 
line consists тегу of a 700-ohm receiver and a one-microfarad 
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Fic. 17.— W. E. Train despatching way station circuit 


condenser. The impedance of this receiver 15 about 2500 ohms 
and as the total impedance of the bridge is all in the recciver it is 
all effective for receiving purposes. 

When the operator wishes to talk he depresses the push button 
or in some cases a foot switch which closes his local transmitter 
battery circuit and also connects the secondary of his induction 
coil to the line. The voice currents generated in the secondary 
have a path directly across the line in series with the condenser 
and also a shunt path through the retardation coil and receiver 
in series. This retardation coil is of about 6,000 ohms im- 
pedance and is placed in series with the receiver in the manner 
shown, in order that the despatcher may break in if itis necessary 
for him to interrupt an operator while talking. Тһе impedancc 


1911) BROWN: RAILWAY TELEPHONY 651 


values are such that the amount of side tone is just sufficient for 
the operator to distinguish the despatcher's voice if he interrupts 
and he will release his button in order to clearly understand 
what the despatcher is saying. The outgoing transmission of 
this circuit is, therefore, the best possible consistent with the 
fact that we must arrange to permit the despatcher to interrupt 
the operator’s conversation when necessary. 

The induction coil used in the way-station and also the trans- 
mitter are especially designed for railway work. The trans- 
mitter button is of medium resistance and while not taking ex- 
cessive battery current still varies the current through a large 
range and gives good volume and articulation with three cells 
of battery. 

When the receiver is off the hook, this circuit reduces the 
transmission by about one mile of cable, for stations beyond, 
that are receiving from the despatcher. 130 miles (209 km.) 
No. 9 copper being the average length of despatcher's line, the 
line transmission loss at 16 miles (25.7 km.) of wire to one mile 
(1.6 km.) of cable, will be eight miles (12.8 km.) of cable, leaving 
an equivalent in transmission of 22 miles of cable that can be 
used іп the bridges before we reach 30-mile (48-km.) transmission 
for the last station. Thus it will be seen that on a line of this 
kind 22 operators can be listening in and good transmission can 
be maintained. It is practically never necessary that this 
number be on the line, 15 being a liberal estimate of the number 
of receivers that will be off the hook at one time. If, however, 
emergencies should arise making it necessary for 25 or 30 oper- 
ators to listen in, transmission will be sufficiently good for thc 
transaction of business, even though it is beyond the 30-mile 
limit. 

The requirements of the despatcher's circuit are somewhat 
different from those at the towers. Не must be on the line all 
the time and the transmission and receiving of his set must be as 
good as possible, without resorting to the use of a push button for 
talking and listening, as his time is too fully occupied to permit 
him to use this device. 

The circuit is shown at the left of the figure. А 70-ohm 
receiver is used in series with the secondary of the same type 
of induction coil, as is used at the substations, and a one-micro- 
farad condenser in series. The impedance of this bridge is about 
650 ohms and it being the lowest on the line, the receiving will 
be good. This value also permits good transmitting. The 
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switch shown in the figure is of the locking type and opens the 
battery circuit when the set is not in use. Another form of the 
substation circuit developed for the way-station 15 shown in 
Гір. 18. This arrangement is somewhat similar to the one 
previously described and contains a push button to operate when 
talking. Under normal conditions, that is, when the push button 
contacts are open, the path of incoming voice currents 1s through 
the adjustable retardation coil, 70-ohm receiver, secondary of the 
induction coil and condenser. Тһе impedance of this retarda- 
tion coil is adjustable by means of a sliding core and the various 
stations are adjusted with reference to their distance from the 
despatcher's office, the furthest station on the line having the 
least impedance. When the button is depressed for talking the 
transmitter batterv is closed and a retardation coil is placed їп 
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Fic. 18.-—Adijustable сой way station circuit 


shunt around the adjustable coil and receiver. This cuts down 
the impedance of the bridge for outgoing voice currents and still 
permits of enough side tone so that the despatcher can break 1n on 
the conversation. The impedance of the bndge under these 
conditions, however, is considerably higher than in the previous 
circuit described and for this reason it is advisable to use more 
local battery current, as many as eight cells being sometimes used 
for this purpose. This, of course, is somewhat objectionable in 
that it tends to decrease the life of the transmitter. The im- 
pedance of the receiving bridge with the core all in the ad- 
justable retardation coil, 1s about 4,300 ohms, and all out 15 
1,200 ohms. A bridge of 4,300 ohms is equivalent to 0.6 mile- 
cable loss and 1200 ohms to 1.8 mile loss, or an average of 1.2 
mile loss for each station on this circuit. 
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PATCHING 

In order to facilitate testing and maintain service on the train 
wire in the case of line trouble, it is customary to loop the various 
lines on the pole into every station or every few stations, through 
patching boxes. A typical box is shown in Fig. 19 and its cir- 
cuit arrangement in Fig. 20. The wires entering the tower are 
connected to the jacks at the left, the connection passing through 
the cutoff contact to the jack at the right and from thence back 

оп the pole line. Two locking keys 
| are provided, arranged so that the 
- selector and telephone set are 
normallv connected to the train 
wires but by operating the key 
they are connected to two pairs of 
cords. When a train wire gets into 
trouble, the operator can cut off 
the line beyond his station by in- 
serting any plug in either one of 
the train wire jacks. This oper- 
ates the cutoff contact and opens 
the line. When the trouble 15 
located between any two towers, 
the operator at the tower nearer 
to the despatcher throws his key, 
placing a plug of one pair in the 
incoming train wire and the other 
plug of this pair into the wire which 
he is going to use for patching. He 
also places one plug of the other 
pair in the other side of the in- 
coming wire, placing its mate in 
the other side of the outgoing 
wire. This will connect the in- 
coming train wires to the outgoing 
pair of wires to be used for 
patching.: The operator on the other side of the break, plugs in 
in such a way that the patching wire is again connected onto the 
train wire. The patching box is equipped with a grounding jack 
50 that any line can be grounded for test. 

The foregoing describes in a general way the manner in which 
the telephone has been adapted for use on train wires. Тһе 
second class of service in which the telephone is replacing the 
telegraph is on message wires. 
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MESSAGE WIRES 


A telegraph message wire extends throughout a division and 
is generally cut in to all the offices on the division. It is used 
for the transaction of miscellaneous railway business between 
division and intermediate points. It is also used in a great 
many cases for sending commercial telegraph messages, when 
the railroad and telegraph companies employ joint operators. 
In addition to the above uses, the message wire is usually used 
for sending time to the various towers. It is extremely im- 
portant that the clocks at the offices along the line be correct, 
as even a comparatively slight difference in the indicated time ' 
between the despatchers’ and substation offices may cause serious 
results to follow. In order that the accuracy of the various 
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clocks may be regularly checked at a certain time each day, 
and on some roads twice a day, a certain number and arrange- 
ment of dots are sent out on the telegraph line in such a way that 
they indicate to the various operators the exact time, thus 
permitting the operators to properly set their clocks, if such 
action is necessary. From the above it will be seen that the re- 
quirements which the telephone must meet for this class of ser- 
vice are: | 

1. To selectively signal on а line whose characteristics аге т 
general the same as a train wire, but that the selective signaling 
should be capable of being performed by any operator on the 
line. In other words, selective signaling arranged for inter- 
communicating work. 
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о simultaneously signal all the operators so 
given. 
as been in use for message work оп a number 
П the calling is done by one operator, thereby 
t from telegraph operation. Circuits, how- 
ly been developed for inter-communicatiny 
atisfactory service. Probably the one having 
of operation was developed in connection with 
lector and is shown in Fig. 21. 

and retardation coils at the despatcher's 
the noise of sending, are arranged practically 
rd train wire circuit. Each substation 15 
nding key, so connected that its operation will 
the line from ground through the center of the 
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oth sides of the line, through the point Л, 
e battery and sending relay to ground. The 
Чау places current impulses metallically on the 
the selectors at the various stations, the sc- 
he standard type used on train wires. Modifi- 
cuit arrangement are in use for this purposc 
that has heretofore been encountered has been 
ded relay, the line leaks are liable to be suffi- 
'ate the relav or hold it 1n its operated position. 
rs on a pole line along the right of wav of à 
ntly subjected to the smoke and soot from the 
s almost invariably causes the insulators to 
tly coated with soot and when wet weather 
to ground on railroad lines probably average 
г than is found to be the case in commercial 
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practice. The circuit shown was designed to neutralize as 
much as possible the effects of line leakage in so far as it affected 
operation. It will be noted that when any station is sending, 
current flows from ground of that station over the upper line 
wire as shown in the figure, to a normally closed contact of the 
relay, through this contact to the point A on the lower line wire, 
and then through battery and relay to ground. The contact 
arrangement is such that the making of the normally open 
contact breaks the normally closed. This cuts off the current 
from the upper line wire and doubles the resistance for grounded 
current, thereby, cutting the current through the relay in half. 
The relay being in its operated position, this current is sufficient 
to hold it. As the first effect of line leaks would be to hold the 
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Гір. 22.—Intercommunicating system. Curves show relation between 
line voltage and length of Dne. System can be operated over assum- 
ing a definite leakage per loop mile (with no readjustment of sending 
relay). 


ground relay closed when it was operated, the arrangement shown 
largely overcomes this tendency. The taper resistances used in 
connection with the kevs at the substation are arranged so as to 
give the grounded relay the same current from апу substation. 
The curves shown in Fig. 22 show the margins of operation of 
this system for various lengths of line and operating voltages. 
For an average line of 130 miles (209 km.) and 160 volts, the 
line leaks can be as low as 125,000 ohms per mile, without inter- 
fering with operation. This is equivalent to about 969 ohms 
ground leak, which is a value that would seldom be met with 
“in practice. | 

The manner of sending out time is as follows: Referring to 
Fig. 12, which is the local substation circuit of the Western 
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Electric selector, it will be noted that when the selector closes 
the lower contact, the local battery current goes through the bell 
winding but in its path is not included the vibrating contact. 
This will cause the bell to become single stroke in action. 
Referring to Fig. 11 which shows the selector, the platinum 
contact on the stop piece will be made simultaneously on all the 
selectors when a sufficient number of impulses have been placed 
on the line. When time is to be sent, the Wire Chief at the 
division point operates a special key which steps all the selectors 
around to their time contact point and holds current on the line. 
The circuit at the division point is so arranged that the contact of 
the telegraph relay receiving time makes and breaks the current 
on the message wire. The interval of no current on the line is so 
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Fic. 23.— Time sending circuit 


short that the slow acting member of the selector does not fall 
back, but the time contact is made and broken, which taps the 
bell, and reproduces the signals which were formerly heard on 
the sounder. 

This is the method used to send time when local batterv bells 
are used. If the same manner of tapping the bells were em- 
ployed in circuits where way-station bells are rung by the des- 
patcher's battery, the amount of current required to . operate 
all the selectors and ring all the bells at once, would tend to cause 
such an excessive current flow that the amount of voltage drop 
on long lines would be such that satisfactory operation could not 
be obtained. Another arrangement, Гір. 23, was therefore dc- 
veloped for sending time on the central ringing systems. When 
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time is to be sent on the line, the Wire Chief at the division point 
throws a switch which connects up the circuit as shown. The 
secondary of a repeating coil or transformer is connected across 
the line and the middle point of its primary connected to one 
side of the main battery, the other two ends of the primary wind- 
ing being connected to the front and back contact of the tele- 
graph relay, which operates in accordance with the time im- 
pulses being sent from the distant point. Resistances are intro- 
duced in the leads from the relay contacts in order to limit the 
amount of current and condensers are used to reduce the sparking. 
It will be scen that as the relay operates, there will be generated 
in the secondary of the coil and sent out on the line an impulse 
or kick, alternating in character. There is placed in series with 
the selector at each of the substations an ordinary 1000-ohm 
polarized telephone bell. "These bells are operated every time a 
secondary impulse is sent out. After time has been given and 
the Wire Chief has opened his switches, leaving the lines in 
normal condition, the first 1mpulse sent out by the despatcher 
when he calls а station, may be of such polarity that it will 
cause some of the bells to tap. "There will only be one tap heard, 
however, as the bells will remain in the position to which they 
have moved. This circuit arrangement obviates any danger of 
stepping the selectors up which might be the case where the 
contacts of the time repeating relav connected directly on the 
line. The fact that the polarized bells at the substations arc 
unbiased and will not be affected by reversal of line wires, 1s 
another advantage of this system. 

Up to the present time, most of the railroads are still giving 
time over the telegraph as there are but few instances of divisions 
where there are no longer telegraph instruments in the towers. 
There are, however, divisions on some roads in which the tele- 
phone has replaced the telegraph entirely, and on these divisions, 
time is being given over the telephone circuit. 

In addition to the use of the telephone for train despatching 
and message work, it has also come into very extensive use for 
block wire service. 

BLOCK WIRES 

The length of a block wire ranges from one-half mile (0.8 km.) 
to six or eight miles (9.6 or 12.8 km.) and the service required of 
the telephone for blocking purposes is merely to maintain com- 
munication between two block towers. There are no new 
features required of the telephone for this work. A great many 
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of the roads are using the existing telegraph wire between blocks 
for a grounded telephone circuit. This will, of course, introduce 
some noise in the telephone, but the line being short, this is not 
generally objected to. If a satisfactory loud-speaking receiver 
could be produced, it would undoubtedly be very generally used 
for blocking purposes. If this instrument were used, no sig- 
naling device would be necessary, as by simply throwing a kev 
and talking into this transmitter, an operator can call the ad- 
jacent tower. This arrangement would also have the advantage 
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of permitting the operator to be handling his levers or doing 
Other work, and still receive the message. Loud speakers have 
recently been developed and are now being experimentally 
tried out on a division of one of the roads. The results so far 
Obtained indicate that it will be advantageous to use these 
Instruments for blocking .service. 

It is very often the case that besides the block wire, there 
are one or two short party lines reaching from the tower to siding 
telephones, residences of employees, etc. The hand generator 
and code signaling is in general use for signaling between blocks 
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and on these party lines. In order to relieve the load of the 
operator somewhat, an interrupter has been developed, and 1s 
arranged so that code ringing can be performed by means of a 
push button. Fig. 24 shows a schematic diagram of this m- 
terrupter. <A very cfficient type of transformer is used in this 
instrument, and with six dry cells in the primary circuit, twenty 
2,900-ohm bells can be rung on а 500-ohm linc. 

In addition to the service performed by the telephone on rail- 
roads, as has been described in this paper, it has facilitated rail- 
road business in several other wavs. Telephones are used very 
extensively at sidings. These telephones are generally connected 
with the despatcher’s wire and train crews can immediately get 
in touch with the despatcher, and a great amount of time can be 
saved. "There has been put оп the market a semaphore type of 
signal in the base of which is mounted a telephone and selector 
equipment. Incase the despatcher wants to stop a train and call 
the conductor to the telephone, he can do so by operating the 
selector which throws the signal. 

Portable telephones have also come into pretty general use. 
On some roads, every train carries a portable telephone and a line 
pole. The line pole is jointed for convenience in carrying and 
can be quickly assembled for use. It is equipped with two 
metallic hooks at its upper end which the conductor can connect 
with the despatcher's wires on the pole line and thereby get into 
communication with him. 

Although the telephone has been in use on railroad divisions 
for less than four years, it has proven to have a great many ad- 
vantages over the telegraph which the railroads were quick to 
appreciate, and at the present time, there are about 37,000 miles 
(59,545 km.) of road equipped with the telephone, and there 
have been no instances so far in which accident of апу kind can 
be traced to the use of the telephone for railroad work. 


А paper to be presented at the Pacific Coast Meeting 
of the American Institute of Electrical Engineers, 
Los Angeles, April 25-28, 1911. 


Copyright 1911. Ву A.I.E.E. 


(Subject to final revision for the Transactions.) 


ELECTRICITY IN THE LUMBER INDUSTRY 


BY EDWARD J. BARRY 


The adoption of electricity for power in the lumber industry 
of the Northwest is of comparatively recent date although con- 
ditions are peculiarly favorable to its use. In the greater num- 
ber of instances power can be generated locally at a very cheap 
rate by utilizing the waste products as fuel. These waste pro- 
ducts have, so far, little commercial value and in the past апу 
fuel in excess of the quantity required for the steam units and 
auxiliary machinery has been conveyed to a burner and dce- 
stroyed. Saw mills, as a rule, are located 1n remote and sparsely 
settled districts where the problem of transportation to markets 
where the by-products of sawdust, shavings and inferior slab 
wood could be used, makes it scarcely worth while. 

The generation of electricity for power offers a method of 
conserving this wasted energy by opening up a wide field for its 
application to the many demands for power outside of the saw- 
mill itself. А brief record of the use of electricity іп the mills of 
the Potlatch Lumber Company at Potlatch and Elk River, 
Idaho, illustrates these conditions. The Potlatch mill with a 
daily capacity of 750,000 feet, is one of the largest in the West 
and the power demand increased beyond the capacity of the 
steam units which consist of a 1500-h.p. corliss engine, belt- 
connected to line shafting, for the sawmill, and one 1100-h.p. 
corliss engine for the planing mill. 

А year ago one 800-kw. low-pressure, 2200-volt, three-phase, 
60-cycle turbine generator was added to operate on the exhaust 
of the 1500 h.p. engine and has increased the available horse- 
power output bv 60 per cent. 
of the A.I.E.E., Los Angeles, Cal, April 25-28, 1911. Notice of oral 
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The turbine can also be operated on live steam if necessary in 
the event of a shut-down of the corliss engine. 

The output of this 800-kw. set is used to drive the machinery 
in the box factory, a 300-h.p. motor driving the blower on the 
sawdust conveyor; it supplies power for the machine shop, car 
shop and pump house; lights the mills and town at night, and 
during the summer months supplies 200 h.p. to a local brick- 
making plant. Мо increase in boiler capacity has been required 
and operating conditions are such as to occasion very little extra 
expense in the way of attention. Storage battery locomotives 
are employed to handle the lumber from saw-mill to dry-kiln 
and from dry-kiln to planing mill. These locomotives are seven 
tons in weight, including battery, and have a start-draw-bar 
pull of 3,600 Ib. (1632 kg.) and a running draw-bar pull of 1500 1b. 
(680 kg.) at four miles (6.4 km.) per hour. Two 40-kw. belt- 
driven units are installed for charging the six locomotives em- 
ployed. Four spare batteries are kept in reserve and can be 
placed in position on the locomotives in a few minutes in the 
event of a battery failing. 

Snow has given considerable trouble in former years through 
blocking the tracks and this winter there was designed and put 
into service an electrically-driven snow brush which has proven 
eminently successful. Тһе brush consists of a wooden cylinder 
with rattan canes projecting 16 in. (40.6 cm.) from its surface. 
This cylinder is driven Бу a chain geared to a 15-h.p. compound- 
wound motor mounted on the forward part of a lumber car, the 
battery for driving it being in the rear. After a heavy fall of 
snow this rotary plow 15 sent over the tracks clearing them com- 
pletely and allowing work to proceed without interruption. Lead 
batteries are at present in use on the locomotives but nickel- 
iron batteries have been ordered and it is intended to change over 
to this type as circumstances permit. | 

When it was decided to adopt electric drive for the Elk River 
mill, at present under construction, a complete test was made 
to determine the horse power required to drive the different 
machines in the mills. 

The machines under test were disconnected from the line- 
shafting and belt-connected to a motor of the estimated horse 
power. Wattmeter readings were taken over a period of ten 
hours on normal load and from this data the necessary informa- 
tion was obtained. 

The band mills were found to take from 30 h.p. at no load 
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to as high as 275 h.p. on full load, and it was decided to install 
200-h.p. wound-secondary motors for use at Elk River. There 
are three motors of this type. 

The edgers have 75- and 50-h.p. squirrel cage motors, re- 
spectively. 

The planers in the planing mill are driven by 75-h.p. motors. 
In cases where it was considered desirable, liberal use has been 
made of wound-secondary motors. 

The power equipment at Elk River consists of one 800-kw., 
600-volt, three-phase, 60-cycle turbo-generator and one 500-kw., 
turbo-generator. A switchboard of eleven panels installed in 
the turbine room, controls power and lighting feeders to the dif- 
ferent departments. For lighting the town and outlying dis- 
tricts the voltage is stepped up to 2,200 volts, with 2200-220- 
100-volt step-down transformers at centers of distribution. 

A 50-kw., 600-220-100-volt transformer is used for sawmill 
lighting, and in the event of a burn-out provision has ‘been 
made at the switchboard for connection to the steam exciter set, 
which can be switched over for this work alone. The 25-kw. 
motor-generator exciter set can then be used for both generators. 

A 50-lamp regulating transformer is used for the series arc 
system on the log pond and for street lighting in town. The 
sawmill is intended to run nightly thus making the question of 
lighting one of importance. This is especially so in lumber 
grading which calls for powerful, evenly distributed light, with 
an absence of shadows. Experiments made at Potlatch have 
convinced us that tungsten clusters and single drop lights give 
the best effects and in the end cost least for maintenance. Arc 
lamps inside the mill have been discarded entirely. In the filing 
room, the saw sharpeners and stretchers are driven by individual 
motors of two and three h.p. and the small forge has a motor- 
driven blower. The entire system, both power and lighting, is 
installed in conduit, reducing the fire risk to a minimum. 

Electricity will be used on the log pond for dredging, as the 
pond bed has a tendency to slit up and impede the passage of 
logs to the conveyor. 

It is intended to use a rotary cutter directly in front of the 
intake of a powerful pump and convey refuse to the shore over 
pontoons supporting the pipe line. The pump and cutter will 
operate from a barge to which the supply wires to the transformer 
will be attached. The voltage will be stepped down from 2200 
to 440 volts at the motors, and three cable drums will pay out 
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or haul in the wire according to the location of the dredge. 
It has been decided that a 35-h.p. motor will be required for the 
pump and а 23-h.p. motor for the cutter. If necessary a small 
motor may be installed for raising or lowering the arm supporting 
the intake pipe and cutter. ! 

Ав soon as weather conditions permit the Potlatch Lumber 
Company intends to experiment with electric drive on the 
logging machines in the woods, with the view of superseding the 
stcam donkey engines at present in use. There are many draw- 
backs to the use of steam engines, not the least of these being 
the ever present risk of fire from cinders and sparks. Every 
care is taken to minimize this risk but the wholesale devastation 
in the forests of Idaho, Washington and Oregon last summer 
has naturally turned the attention of lumber companies operating 
in the fire arcas, towards any method which offers суеп a partial 
solution of this difficulty. Water for the boilers must be hauled 
wherever the donkey enyines are located as it 1s useless to 
depend on getting it locally except in the rare instances where a 
stream is within reach. Fuel has to be cut down and sawn 
into the proper lengths, creating a considerable labor item. 
A watchman has to be on duty every night during the winter 
to keep the water from freezing, an occurrence more frequent 
than desirable, when it comes to starting up in the morning. 

Electric logging presents one or two new features 1п trans- 
mission work, the chief difficulty being that the location of the 
consuming end of the line must, of necessity, change constantly. 
The transmission line must be guarded against the danger of 
falling trees, but as it will be always in the rear of logging opera- 
tions it will be possible to follow the track over logged off land, 
reducing the risk to a possible interruption, in hilly country, 
through a tree rolling down from higher ground. When a sec- 
tion has been logged over and a permanent change has to be made 
in the direction of the transmission line it would appear that a 
saving could be effected by installing light lattice work steel 
towers in the first instance. The towers could be set down and 
guyed to convenient stumps. The line would parallel the logging 
railroad practically throughout its entire length and when it 
was necessary to change the location these towers could be 
taken down and loaded on the cars. Тһе wires and insulators 
would have to be removed in any сазе and, as the construction 
crew will be on the spot, it would take very little extra labor to 
remove the towers also. The length of span will be from 
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390 to 400 ft. (106.6 to 121.9 m.) and the height of tower from 
ground 30 ft. (9.14 m.). The size or character of the wire will 
not be settled definitely until the nature of our requirements is 
known. The current will be 22,000-volt three-phase, 60-cycle. 
At each logging engine there will be a portable sub-station con- 
taining one 150-kw., three-phase, 22,000-550-volt, step-down 
transformer. From the secondary of the transformer a three- 
core steel-armored flexible cable will be led to the motor. This 
cable will be built up in sections with suitable connectors until a 
limit of 1,800 ft. (548.6 m.) is reached, when it will be necessary 
to extend the line. This distance will permit of clearing a large 
area, as the steel logging cable has an effective reach of 3,000 ft. 
(914.4 та). The motor will be of 150 h.p. capacity, and of the 
phase-wound type driving by means of friction pulleys. 

A controlling panel with current-limiting relay to auto- 
matically introduce resistance into the rotor circuit in the event 
of the log striking an obstruction, will be installed on the plat- 
form beside the motor. This principle has been applied with 
success on electric shovel work and prevents the annoyance 
of a constantly tripping circuit breaker. A circuit breaker 
will be used to prevent damage to the motor should the power 
demand rise to an excessive value in the event of the obstruction 
proving beyond the capacity of the machine. 

If successful there is scarcely a limit to the uses of a power 
supply carried into the forests and the natural outcome would 
seem to point to an extension embracing a complete electrifi- 
cation of logging railroads. Within four miles of Elk River 
there are two waterfalls of 85 and 102 ft. (25.9 and 31 m.) re- 
Spectively which could supply upwards of 5,000 h.p. There are 
numerous little settlements at present remote from any center 
of power supply, which doubtless would welcome the oppor- 
tunity to secure energy to assist in development. 

In submitting this paper to the A.I.E.E. the writer would 
appreciate any record of experiences of members іп similar 
circumstances and would be glad to furnish any further par- 
ticulars in his power on matters relating to the electrical side of 
the lumber industry. 
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ОМАТІС TELEPHONE EQUIPMENT 


BY CHARLES S. WINSTON 


1emes for establishing connections between | 
devised early іп the history of the telephone | 
апу of the first patents, which were issued for | 
ions, were for devices which are the fore- \ | 
отайс equipment іп use to-day. 
{ 25 years of telephony’s history, a few auto- 
ds were installed, but it was not until the т- 
exchange at Grand Rapids, in 1903 that auto- 
received very serious consideration from the 
from engineers, with the exception of a few 
st cases, personally interested in its advance- 
he last eight years interest in the automatic 
‘ased, many articles in regard to it have been 
a casual mention of the subject in almost any 
in the telephone business is enough to cause 
in regard to the relative advantages of manual 
Recently new foes, near relatives, of automatic 
ооп the horizon, which seem destined to play 
parts in the history of the telephony of the 
natic-distributing and semi-automatic systems. 
vent misunderstanding, it may be well to state 
this paper a switchboard which requires auto- | 
ices or dials at the subscribers’ stations and no | 
entral office will be referred to as an automatic 
| automatic-distributing switchboard will be | 
omatic switches are used for distributing calls 
"еге operators establish connections by means 
ple jacks, as in the well known manual multiple 
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switchboard, and a switchboard in which the connections be- 
tween lines are made by means of automatic switches, which are 
operated by devices manipulated by operators, will be referred 
to as a semi-automatic switchboard. 

The work of designing, perfecting and manufacturing an 
entirely new line of automatic equipment requires an immense 
amount of study and experiment. For sometime the company 
with which the writcr 1s associated has been developing apparatus 
which will enable it to manufacture automatic equipment which 
will meet all of the requirements of automatic, automatic-dis- 
tributing and semi-automatic. In this article a description will 
be given of parts of this apparatus which it is not expected to use 
in practice, but which may be of interest from an historical 
standpoint, as well as of apparatus which with certain changes 
will, in all probability, be put to practical use in the near future. 

Different tvpes of switches are not required for cach of these 
branches of automatic, as the switches which are suited for one 
can, with slight modifications, be used equally well for the others. 

Up to the present time, the “ Strowger " switch is the only 
one which has been used to апу extent. When used as a selector, 
the wipers of this switch, which are attached to the shaft, move 
vertically in response to current impulses caused by the opera- 
tion of the subscriber's dial, and then rotate horizontally until 
idle trunk contacts are rcached. «Тһе switches of the five fol- 
lowing tvpes will do the same work as that done bv this switch, 
but in a radically different manner. For the lack of more 
satisfactory names, the switches will be referred to as: 

1. Circular polywiper. 

Circular long and short step with one driving magnet. 
Circular long and short step with two driving magnets. | 
Double rotary with back release. 

Double rotary with forward release. 


лы 


1. CIRCULAR POLYWIPER SWITCH 


Fig. 1 shows a plan view of the circular polywiper switch and 
a side elevation with certain parts in section. For all practical 
purposes it consists of two separate switches, cach with a distinct 
driving magnet, wipers and bank contacts, which are built 
together in one structure to economize space and to facilitate 
Wiring. 

Instead of following the usual practice of attaching flexible 
cords to the wipers and thus continuing the circuit to the de- 
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sired contacts of the bank, wires are carried to circular metal 
strips immediately below but insulated from the rows of in- 
dividual contacts. Тһе wipers serve to bridge together the 
individual contacts and these circular strips. In this manner 
all cord troubles are eliminated, although there are two movable 
contacts in each connection instead of one. 

The bank consists of five circular rows of contacts, each row 
being divided into ten equal groups. There are two sets of 
Wipers—-the primary P and the secondary S. The former con- 
sists of ten separate single wipers which are mounted upon 
36-deg. centers on the plate 1, which is rigidly secured to the 
shaft Р 5, while the secondary wipers consist of 10 sets of four 
wipers each, mounted similarly upon plate 2, which in turn is 
fastened to the shaft 55. The two shafts P S and SS are 
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Fic. 1.—Circular polywiper switch 


attached to ratchet wheels Р Rand 5 К respectively and through 
them the primary wipers are controlled by the magnet РМ 
while magnet S M controls the secondary wipers. 

When in normal position, the primary wipers P rest upon 
contacts C and the secondary wipers S upon the contacts in 
line with and below contacts С, while these connections will be 
broken when the wipers are moved forward by the operation 
of the driving magnets. When the wipers have moved 11 steps 
the same condition will again be met and the switch will again 
be in normal position. 

In Fig. 2 is shown the wiring of a first selector, individual to 
a line, using a switch of this type, with the wiring of a sub- 
scriber’s telephone including a calling device. When the switch 
is normal the 10 primary wipers wili be in the positions shown 
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at P, while S represent the positions of the various secondary 
wipers. The common strips М, М, О, M1, М2, МЗ, etc., are 
each associated with 10 contacts instead of three asshown. The 
system illustrated uses a single source of current for both sig- 
nalling and talking, while a ground return circuit is used for 
operating the relays which in turn operate the magnets which 
move the switch wipers. 

In order to assist in giving an understanding of this switch, 
the method of operation of the circuit shown will be described 
briefly. 

A subscriber desiring to converse with a second subscriber 


Fic. 2.—Wiring of first selector polywiper switch 


will remove his receiver from its hook, thus establishing a path 
for current through relays P R and S R and the apparatus in his 
instrument. Не will then operate the calling device, thus con- 
necting springs A and B to ground and breaking contact ¢ a 
definite number of times, while current flowing from ground 
over line conductor 1,2 will maintain relay S R in the energized 
position. Each time the circuit 1s broken in this manner, relay 
P R will be de-energized and contact E closed, thus sending 
current through the primary magnet P M, and causing the pri- 
mary wipers of the switch to make a certain number of steps. 
(Secondary contacts K1 and K2, K3 and K4, K5 and K6, K7 
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and K8 are connected together through wipers whenever the 
switch is in the normal position.) Immediately thereafter and 
just before the calling dial returns to normal, both line wires re- 
maining grounded, contact D will be broken once, thus holding 
relay Р К energized and causing one de-energization of relay 
SR. For the purpose of illustration, suppose that the sub- 
scriber desires conversation with a second subscriber whose 
number begins with one. Тһе primary magnet would then take 


one step, establishing connections between M, N, O, L and Q, | 


and R, W, T, U and V respectively. Immediately thereafter, 
the de-energization of relay S R as above explained, will cause 
the energization of relay 5 К’. It will be noticed that the en- 
ergization of the latter relay will establish a circuit from’ the 
‚ negative pole of battery В, through the winding of this relay, 
back contact of relay R К, through the normally open contact F 
of relay S R’ to the contact plate 0, through the wiper to contact 
T, and thence to common plate M3 of the secondary contacts. 
The energization of relay 5 R’ will ‘also close a path from the 
alternating-current generator G through the secondary magnet 
5 М, thus moving forward the secondary set of wipers 5. If the 
private contact x is busy, due to a ground on the corresponding 
contact of some other switch, relay 5 R' will remain energized 
and the switch wipers will be stepped ahead until a contact is 
found which is clear, when relay S R’ will be de-energized and 
the switch will come to rest. The de-energization of relay S R’ 
will close the talking circuit from the subscriber’s instrument, 
through contacts G and H, and the primary wipers and con- 
contacts, to the secondary wipers and thence to a second selector. 

When the subscriber returns his receiver to its hook, relavs 
Р Капа 5 К will be de-energized, thus causing relay К К to be 
energized by current flowing from ground at switch contact U 
to the negative pole of battery ВІ and locking relay R R through 
S R’ to battery B, thus cutting off the circuit from battery Bl. 
The energization of the latter relav will again establish a circuit 
through the secondary magnet 5 M to ground at №, while the 
energization of relay R R will cause current to flow from bat- 
tery B2 through the winding of the primary magnet P M, a 
primary wiper and contact V to ground, through the interrupter 
I. Тһе energization of these two magnets will be continued till 
the wipers have been driven ahead until they rest at P and .S 
upon the normal contacts between the groups, at which time the 
circuits for all relays will be opened and all apparatus will be in 
normal position. 
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In the circuit shown, but five of the ten primary groups of 
contacts are used. It will, therefore, be seen that a large num- 
ber of contacts are available for use as '' off normal ” contacts 
if the circuit requirements make it desirable. This feature of the 
switch is one of its chief advantages, but the difficulties which are 
necessarily met with in assembling and in wiring make it im- 
practicable from the standpoint of manufacture and operation. 


2. CIRCULAR LONG AND SHORT STEP SWITCH WITH ONE DRIVING 
MAGNET 

As shown іп Fig. 3, the construction of the long and short 

step single driving magnet switch is similar in general ap- 

pearance to the polywiper switch, there being 10 circular groups 


Fic. 3.—Long and short step switch with one driving magnet 


of 10 contacts each. However, there is but a single set of wipers, 
which when moved forward by the driving magnet M, the 
magnet М” being de-energized, passes over one group of ten 
contacts at each step. If, however, magnet М” is energized 
at the time when the wipers are being stepped forward, the 
movement of armature A will be shortened by the stop S and 
the wipers will move from one set of contacts to the adjacent 
contacts for each energization of magnet M. As will be seen 
from this statement, each one of the 10 circular sets of contacts 
corresponds to a row of contacts on a vertical and rotary switch. 
That is, in this switch the wipers instead of moving a certain 
number of steps in one direction and then rotating at right angles, 
move a certain number of long steps and then take short steps 
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until they arrive at contacts of a trunk line which is not in use, 
in the case of a selector, or until the contacts of the desired line 
are reached, in the case of a connector. 


3. CIRCULAR LONG AND SHORT STEP SWITCH WITH Two DRIVING 
MAGNETS 


This switch is very similar to the one just described. The 
only difference of importance is that instead of using a magnet 
to limit the stroke and hence to move the wipers from one 
contact to the next, two separate magncts are employed, one for 
giving the long steps and one for giving the short. 


4, DOUBLE ROTARY SWITCH WITH BACK RELEASE 


It will be seen upon referring to Fig. 4, which shows this 
switch as a first selector, that the contacts are mounted in 10 
separate strips or groups, each of which has 10 sets of contacts 
(each set consisting of two line contacts and onc private contact) 
arranged in an arc of a circle, so that when completely as- 
sembled, all contacts point inwardly toward a common center, 

Instead of using a single shaft, with the wipers rigidly attached. 
which moves vertically to select a group of contacts and then 
revolves horizontally to select the trunk, two shafts are used in 
this switch. One, to which the wiper frame is directly con- 
nected, rotates in a horizontal plane to select the group. Тһе 
second is so connected to this frame that its downward move- 
ment gives the wipers a second rotary movement, thus stepping 
them upward into engagement with the bank contacts. Pri- 
mary and secondary magnets are used for accomplishing these 
results, and the switch is returned to normal by means of a 
release magnet. Because of the relative arrangement of shafts 
and wipers, the latter move four or five times as great a distance 
as the former for each energization of either the primary or 
secondary driving magnet, and hence the movement of the arma- 
tures of these magnets 1s exceedingly small. It has been found 
from experiment that, due to this construction, switches of this 
type operate satisfactorily when the voltage of the storage 
battery used therewith is as low as 35 and that the height to 
which the voltage may rise does not affect the operation, as 
current of any voltage which the relays, used with the switch, 
can stand without injury may be employed. Hence, it is not 
necessary to use two sets of batteries—one for discharge while 
the other is being charged—or to resort to the use of extra storage 
cells or counter e.m.f. cells to maintain a constant voltage. 
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This switch is constructed so that the switch’ proper, con- 
sisting of relays, wipers and driving magnets, is supported by the 
frame of the contact bank in such a way that the switch can be 
removed instantly if trouble occurs without it being necessary to 
unsolder wires. The contact bank is fastened to the iron frame- 
work which supports all switches and hence the multiple wires 
do not support the bank when a switch is removed. 


Fic. 4 Fic. 5 


5. DouBLE ROTARY SWITCH WITH FORWARD RELEASE 


This switch, which is shown in Fig. 5 as a connector, is similar 
in many respects to the switch just described. The arrangement 
of the bank contacts is similar although more space is provided 
in this switch in order to facilitate the multiple wiring. Primary 
and secondary magnets give the wipers a double rotary motion 
but, in releasing, the magnet which has caused the vertical move- 
ment is again brought into use and the wipers are driven forward 
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to the end of their vertical stroke. When this position is 
reached, a projection carried upon the wiper arm releases a 
retaining pawl, which has kept the wipers in the position into 
which they were driven by the primary magnet, thus allowing 
the wipers to move horizontally due to spring tension. When 
they have returned in this direction as far as possible, which 15 to 
a position directly above their normal position, a second re- 
taining pawl, which after each vertical step has kept the shaft 
in its vertical position, will be released and the wipers will be 
returned to normal position. 

As the release of this switch is accomplished by driving the 
wipers forward, clean contacts are at all times assured. In 
back release selector switches the last contacts in all rows are 
used infrequently, and hence they become coated with dirt and 
grease, thus preventing satisfactory connections when it becomes 
necessary to use them. Another advantage of this type of 
construction is that the wear on all contacts will be equal and 
hence the life of the bank increased. 

During the last year a life test was made with a switch of this 
type. The switch was subjected to all the mechanical and 
circuit changes which it would undergo in practice in operating 
1,378,000 times, which is equivalent to the use which an average 
switch іп an exchange of 10,000 lines, would receive іп 37 vcars' 
service. Аз, however, the wipers continuously passed over the 
tenth row of contacts, instead of cach of the ten an equal number 
of times, the wear on these contacts was equal to what it would 
be in 370 years of service. 


AUTOMATIC CALLING DEVICES 


second only in importance to the sclector and connector 
switches, if it is not of equal or even greater importance, is the 
calling device uséd at the subscriber’s station. The design of a 
calling device which will meet all conditions of service is an ex- 
tremely difficult problem. The work to be done requires com- 
plicated mechanism which, as it is to be used by unskilled hands, 
must be strong, positive in operation and ''fool-proof." If a 
switch fails to properly perform its functions an attendant who is 
always present can remedy the trouble, but trouble in a calling 
device makes necessary a trip of the troubleman at an expense 
which may not be small. 

It is possible to design calling devices of a great many dif- 
ferent types, and numerous patents have been issued for schemes 
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of various kinds. In connection with the automatic develop- 
ment referred to, calling devices of six or seven different types 
have been made. Some are of the “ finger-hole " type, others 
employ a lever for their operation, while one has been developed 
in which the subscriber sets up the number of the desired station 
on the face of the device before sending the impulse. A cut 
of this device is shown in Fig. 6. Upon referring to this figure 
it will be seen that there are in the top plate five circular open- 
ings through which digits are visible. Extending from the side 
of the device below these openings are five buttons which when 
turned either to the right or to the left change the figures from 
1 to 0. Therefore, it is possible to set up any number between 
00000 and 99999, or in other words to use this device as shown, 
in a one-hundred thousand line system. 

The method of procedure in making a call with this device is 
as follows: The subscriber removes the receiver from its hook, 
turns the buttons in the call- 
ing device (this can also be 
done before removing the 
receiver if desired) until the 
proper number appears, and 
turns the lever at the right 
hand end until a stop is 
reached. Тһе mechanism 
within the device will then 
operate and cause the opera- 
tion in succession of the selector and connector switches. 
During the time that the 1mpulses are being sent, the figure- 
changing buttons, as well as the sending lever, will be locked 
so that the subscriber cannot interfere with the signalling. 

The advantages of an instrument of this type are obvious. 
With calling devices of the usual type, a very large percentage of 
the errors made in calling are due to mistakes of the subscribers, 
and not to the apparatus, but such errors cause complaint and 
dissatisfaction and often the loss of subscribers. А calling de- 
vice of this type will eliminate such errors entirely. Тһе ob- 
jection has been made to any device in which the number 15 set 
up, that if a wrong station is called and the subscriber sees that 
the proper number is before him, he will know that the fault is 
in the equipment, and the eloquence of the troubleman cannot 
change his view. This is seemingly very weak argument as 
automatic apparatus which must rely upon such subterfuges to 
retain the good will of the users 1s not what 1t should be. 
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One of the calling devices, of the finger-hole tvpe, which has 
been developed possesses several novel features. In operating, 
the finger is placed in the hole associated with the proper number 
and the front plate rotate until a stop is reached. When the 
finger is withdrawn the front plate rotates backward, under the 
control of a very simple governor, breaking a contact a definite 
number of times. The mechanism is not locked at any time 
and the subscriber must use care to complete the movement of the 


dial and not to retard the front plate during its backward stroke. 


If either of these precautions is disregarded the call will not be 
made properly. This dial is very simple and inexpensive and 
the cost of maintenance would unquestionably be very low. It 
is, however, extremely doubtful whether, in the present state of 
automatic, the general public can be relied upon to use the pre- 
cautions necessary for the satisfactory operation of so simple a 
dial, but if automatic exchanges increase in number it will not be 
surprising to see a simple dial of this sort used, as soon as the 
telephone users are sufficiently educated. 


CONNECTING CALLING LINE TO SWITCHES 


Various methods have been employed in automatic systems 
for connecting the subscribers' lines to the first selectors. Тһе 
old Strowger plan, which is used in a large number of automatic 
installations, provides an individual first selector for each line, 
and it is very doubtful whether any of the other schemes which 
have been used up to this time are its equal when the cost of 
maintenance is considered as well as initial cost. Several years 
ago engineers saw that an individual first selector was more ex- 
pensive than necessary and various substitutes have been de- 
vised. The scheme which up to this time has been most ex- 
tensively used, is the so-called “ Keith Unit " which has been de- 
scribed so frequently that description here would be superfluous. 

Another scheme which has been proposed is the ''back- 
selecting '" scheme. Two relays, a line and a cut-off, are fur- 
nished for each line, and when a call 1$ initiated, the energization 
of the line relay sets in motion the wipers of a line-finding switch, 
which travel over bank contacts until they come to contacts 
which are attached to the calling line, where they stop and thus 
connect the calling instrument to a first selector. 

Another plan which has not yet been used in practice but 
which has many advantages is to use a small 10- or 15-point line 
switch for each line. In addition to the switch mechanism, 
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which includes one driving magnet, two or possibly three relays 
per line are required in order to bring about the necessary circuit 
changes. With this scheme, when a subscriber removes his 
telephone from the hook, a line relay will be energized and cur- 
rent will be sent through the driving magnet, which will step 
forward the switch wipers. When contacts which are attached 
to an idle first selector are reached, the movement of the wipers 
will cease and the circuit will be continued from the subscriber's 
instrument to the selector. As one switch is required for cach 
line, it is possible that, although it is comparatively inexpensive, 
the cost will be greater than that of either of the two other 
schemes mentioned, but a slight additional cost is seemingly 
justifiable 1n order to make it impossible for trouble in the switch 
to throw out of service more than one linc. With the individual 
line switch, trouble in the line switch may prevent the associated 
line from calling, but it can have no effect upon a second linc. 
The circuit of a switch of this type will be shown later in con- 
nection with the description of the circuits of a complete two- 
wire system. 
AUTOMATIC SWITCHBOARD 

The automatic switchboards installed previous to the last few 
years uscd local battery in each instrument for furnishing talking 
current while the signalling was accomplished by means of 
current from a storage battery located at the central office. 
These systems were ''thrce-wire " systems in which the sig- 
nalling current returned from the subscriber’s station through 
the carth. Аз electric car lines and electric lighting plants in- 
creased in number, it was found that, as їп other branches of 
telephony, earth potentials caused trouble, thus making it 
necessary, in extreme cases, to substitute for the earth return 
an additional wire for each line or a common return wire, which 
served a number of lines. 

The first common battery automatic installations were also 
three-wire systems, but the trouble duc to signalling through 
ground was so grcat that it was necessary for engineers to devise 
means which would enable the signalling to be done over a 
metallic circuit. A number of plans were proposed, one of which 
was the use of the “ slow-acting " relay. That is, a relay which, 
when energized by current, will hold its contacts closed for a 
short period after the circuit through its winding has been broken. 
The means generally used for accomplishing this result is cither 
to place a copper sleeve over the core of the relay or a large 
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amount of copper at one end of the соге. A relay built in either 
of these two ways answers the purpose admirably and by in- 
‚ creasing or decreasing the air space between the armature and 
the pole piece, varying degrees of sluggishness сап be obtained. 

The circuits of a two-wire system including а subscriber's 
instrument with a calling device of the “ set-up " type, an in- 
dividual 10-point line switch, first selector, second sclector and 
connector, using the double rotary switch with forward release, 
are shown in Figs. 7 to 10. It should be borne in mind that it is 
improbable for various reasons that the circuits shown or the 
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Fic. 7.—Line switch 


apparatus will be used in practice without changes of a more or 
less radical nature. 

The various steps which take place in establishing a connec- 
tion between two stations.as A in Fig. 7 and B in Fig. 10 will 
be as follows: 

When the subscriber at station A removes his receiver from the 
hook, he will establish a circuit from the grounded terminal 
of battery 1 over the metallic circuit of the telephone line, through 
the winding of relay 2 to the negative side of battery 1. Current 
flowing in this path will cause the energization of this relay, thus 
establishing a second circuit through the winding of relay 3. 
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The energization of the latter will allow alternating current from 
generator G to pass through the winding of driving magnet 4, 
thus stepping forward the wipers of the switch, so as to engage 
contacts of the switch bank. The connections of the off-normal 
springs O N will be changed as soon as the wipers have taken the 
first step from their normal position, and hence contacts с 
and a will be broken and c’ and a’ closed. It will be seen that as 
soon as these changes take place the circuit over which relay 3 
was energized will be broken at contact c, and hence that this 
relay will then depend for its continued energization upon the con- 
dition of the contacts over which the private wiper Р is passing. 
The bank contacts of this switch are multiplied with the bank 
contacts of other line switches and are connected to first se- 
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Fic. 8.—First selector 


lectors. When a first selector switch is in use, its private con- 
tact will be connected to ground as will be described later. If 
then, the first private contact 1s grounded when wiper P reaches 
it, relay 3 will remain energized and the driving magnet will 
step the wipers ahead until a second contact is reached. If this 
contact is not connected to ground, relay 3 will fall back to 
normal, thus breaking the circuit through the driving magnet. 4 
and the wipers L’, L? and P will come to rest upon contacts 
b, b' and 6? respectively. When rclay 3 becomes de-energized, 
a circuit will be closed through contact x of relay 2, closed 
contact c' of the off-normal springs, back contact œ of relay 3, 
and the winding of relay 5. Current flowing through the winding 
of relay 5 will cause it to attract its armature, thus opening the 
circuit which previously existed through the winding of relay 2. 
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This latter relay would fall back immediately were it not for the 
fact that it is a slow releasing relay. The instant that relay 5 
is energized, relay К of the first selector (Fig. 8) will attract its 
armature, due to current flowing through its two windings and 
the subscriber’s line and instrument in series, thus causing the 
energization of relay R’ and connecting ground through contact 
С to contact b? on the line switch, and preventing other line 
switches from connecting with this first selector. The energiza- 
tion of relays 5 and R is accomplished in a small fraction of a 
second and relay 2, although the original circuit through its 
winding was opened by relay 5, remains energized over a second 
circuit which extends from battery 1 through its winding, con- 
tacts c? and c* private wiper P, bank contact b to ground at the 
armature of relay R. 

The calling instrument will then be connected to a first 5с- 
lector, and the subscriber will proceed to set up on his calling 
device the number of the station desired, for example 5472, 
and turn the starting lever. Contact K will then be opened and 
closed five times while contact K’ remains closed, thus pre- 
venting the subscriber from receiving a disagreeable click. 
Each time the circuit is broken and closed in this manner, 
relay К of the first selector will be de-energized and energized 
and a circuit will be established five times momentarily from 
ground at the armature of relay К, through contact K* of relay 
R’ contact K? of the secondary off-normal, thence through relay 
К? and the horizontal or “ primary " magnet, P M — 1, іп 
multiple to the negative or non-grounded side of battery. Тһе 
relay R? will attract its armature the instant current flows 
through its winding, and as it is of the slow-release type, its 
contacts will remain open during the make and break periods of 
relay R, and the primary magnet P M — 1 will force the wipers 
of the switch forward one step, in the horizontal direction, for 
each current impulse. After the impulses cease relay R? will 
fall back and current will flow from ground through the contact 
of relay R? and the primary off-normal contacts x and x’, (the 
three springs which form these contacts will be bunched at all 
times when the switch is out of its normal position) through the 
secondary off-normal K? to the negative side of battery through 
the winding of relay К°. The energization of this latter relay 
wil close a path for alternating current from generator С’ 
through the winding of the vertical or ‘ secondary " magnet 
5 M — 1 to ground, thus causing the switch wipers to move verti- 
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cally and hence to engage the bank contacts. As soon as the 
switch makes one vertical step, off-normal contacts A? апа K? 
will open and relay А? will depend for its continued energization 
upon the condition of the contacts over which private wiper P! 
is passing. As soon as this wiper rests upon a contact which is 
not busy and hence ungrounded, the flow of current through the 
relay R? will cease, thus breaking the circuit through the second- 
arv magnet, and the switch will come to rest. The circuit 
from the subscriber's instrument will then be continued to а 
second sclector. The falling back of relay R? will place a ground 
upon wiper Р’, thus rendering the second selector busy and 
preventing other first selectors from being connected with it. 
This ground connection will also cause the energization of relay 
R? of the second selector. 
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Fic. 9.—Second selector 


After these circuit changes have taken place, the subscriber's 
calling device will break and close the line circuit four times, 
and again relay К of the first selector will be de-encryized and 
energized. At this time, however, the circuit through the 
primary magnet Р М — 1 of the first selector will be open 
at the secondary off-normal contact A’, and circuit changes 
similar to those which took place at the first selector will occur 
at the second sclector (Fig. 9). When relay R® of the second 
selector falls back after an idle contact has been located by the 
private wiper P? the calling line will be connected through the 
line wipers [2 and 76 to the connector, and a ground connection 
will be placed upon the private wiper P? which will render the 
sclected connector busy and establish a circuit through which 
relay R’ of the connector will be energized. 
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When the calling device causes the de-energization and en- 
ergization of relay R of the first selector for the third time, the 
primary magnet P M — 3 of the connector (Fig. 10) will move 
the wiper seven steps in a horizontal direction, while the slow- 
acting relay R? will retain its armature in the attracted position. 
When the impulses cease and relay R? is restored to normal, 
relay R? will be energized over the path which begins at ground 
at the primary off-normal contact P O N — 3 and extends 
through contacts K’ and K*, the winding of relay R° to battery. 
As soon as relay R? is energized, contact К? will be closed and 
K* broken and hence this relay will depend for its subsequent 
energization upon current flowing from ground through contact 
К? of relay R* of the second selector. Тһе energization of relay 


Fic. 10.— Connector 


К? will cut the primary driving magnet out of circuit and in its 
stead place the secondary magnet 5 M — 3. This is the con- 
dition of affairs which will exist when the last set of impulses, 
two in number, is sent from the calling subscriber's station. 
The secondary magnet S M — 3 will give the switch wipers 
their vertical movement while relay R8 will be energized a second 
time and locked, while the impulses are being sent, through its 
own contact ЖІ? (contact КІ? of the secondary off-normal opens 
with the first vertical step of the wipers) and assume its normal 
position as soon as the flow of interrupted current ceases. 

At this stage of the proceedings one or two things will happen, 
depending upon whether the called line is busy or not busy. If 
busy, the private contact upon which wiper P? rests will be con- 
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nected to ground at the off-normal contact О N— 2 or at a 
second connector which is connected to the called line. Asa 
result relay R!° will remain inactive and the busy-back signal 
will be given to the calling subscriber. The circuit over which 
this signal is given may be traced from ground at the busy-back 
induction coil Z, through contact K?? of the secondary off-normal 
SON — З contact K" of relay КИ, to one side of the talking 
circuit, thence to ground through one winding of relay R and 
also over the subscriber's line and through the second winding of 
relay R. If, on the other hand, the line is not busy when the 
wiper Р? reaches its private contact, current will flow from the 
positive pole of battery at contact КІ? of relay К through con- 
tact К? of relay R’, contact К! of relay R$, winding W of relay. 
R"? tothe private wiper P?, thence to the private contact of the 
called line, through the winding of relay 15 to the negative pole 
of battery. Current flowing over this path will energize relays 
R'? and 15. A circuit which maintains relay R" energized will 
then be established, through the winding W! and contacts K® 
and K?!, which will shunt out of circuit winding W and also con- 
nect ground to private wiper P? thus rendering the called line 
busy. Relay КИ will be energized immediately after R". 
When contact K* of the latter 1s closed current will pass inter- 
mittently through the winding of relay К? and the interrupter 
T in series, thus causing the contacts of relay А! to be closed 
and opened alternately, and connecting ringing current through 
the wipers 77 and L? to the called line. Each time relay К? 
is de-energized, the two windings of relay Ё will be connected to 
the line, so that current will pass through them when the circuit 
is closed by the removal of the called subscriber’s receiver. 
When, in response to the ringing of the bell, the subscriber 
answers, relay R” and hence КМ and А! will be energized, and 
the instruments of the calling and called subscribers will then be 
connected together for conversation. Talking current for the 
latter will be supplied through the winding sof relay R5 while the 
calling subscriber will receive his supply of current from relay R 
of the first selector. | 
When conversation has been finished and the called subscriber 
hangs up his receiver, he will cause the connector switch to be 
released and restored to normal, while this same act on the part 
of the calling subscriber will restore the line switch, the first 
selector and the second selector. The control of these three 
switches rests primarily with relay А! of the first selector. When 
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relay R is restored to normal R! will also be de-energized, and 
current will flow through the winding of relay R?, causing the 
latter to attract its armature, thus closing a circuit for generator 
current through the secondary magnet 5 M — 1. The latter 
will then drive forward the wipers of the switch and when the 
contacts of off-normal P O N — 1 are opened, the circuit which 
has previously existed through R? will be opened and the first 
selector will be in normal position. 

When the off-normal contacts P O N — 1 resume their normal 
positions contact x? of the first selector will be opened and there- 
fore relay 2, and hence relay 5 will return to normal position. 
The de-energization of the latter will restore the line switch 
wipers to normal. 

When relay R? became energized, the circuit from ground over 
the private P! was broken and relay R* of the second selector 


assumed its normal position, thus causing the release of the 


second selector іп а manner very similar to that in which the 
first selector was restored. 

The method by which the disconnection of the connector is 
accomplished may be briefly described as follows: Relay К! 
will resume its normal position the instant the circuit 1s opened at 
the called subscriber's switchhook. The cut-off relay RM 
wil then Бе de-energized but relay К" which was energized 
when the called station responded, will remain in its energized 
position due to current flowing from ground at off-normal 
РОМ- 3 through its winding and normally open contact K'* 
to battery. Therefore, upon the de-energization of relay КИ, 
relay К! will attract its armature, thus allowing alternating 
current to flow through the secondary magnet 5 M — 3 and also 
placing ground upon the private contact and preventing the 
connector from being selected during the time of release. Ав 
soon as the primary off-normal contact is restored to normal, 
relay R!5 will fall back and open the circuit through the secondary 
magnet. Тһе switch and all relays have then assumed their 
normal position. If the called subscriber does not respond the 
control of relay К! and hence the release of the connector switch 
will remain with the calling subscriber. 

If, at the time a subscriber removes his receiver from its hook, 
each one of the 10 first selectors connected to the line switch 1s 
busy, the wipers of the switch will stop upon the eleventh con- 
tacts. As the eleventh private contact is dead, relay 3 will fall 
back and relay 5 will be energized as it will when the wiper P rests 
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upon a contact of an idle trunk. However, there is provided on 
this switch a special off-normal contact SO N which is closed 
only when the wipers are in the eleventh position. In this case, 
therefore, as soon as relay 5 becomes energized, a path for cur- 
rent through relay 2 1s again established over the subscriber's 
line, through the wiper L! to ground at the cleventh contact. 
А connection from the busy-back induction coil 1s brought to the 
contact upon which wiper 1/2 rests and hence the subscriber will 
be notified that he cannot immediately obtain a connection. As 
soon as he hangs up his recciver, relay 2 and hence relay 5 will be 
dc-energized and the switch will be restored to normal. 

. The first and second selector switches are each provided with 
off-normal contacts (O N — 4 and O N — 5 respectively) which 


will cause the busy-back signal to be given to a calling subscriber - 


when the wipers of a switch have made eleven vertical steps, as 
will be the case when all of the ten trunks in a group are in use. 

In nearly, if not in all existing automatic exchanges, battery 
current is used for driving the selector wipers to select an idle 
trunk. In some cases a break contact on the driving magnet 
interrupts the current, and in others an individual interrupter, 
which serves a number of switches, is used. As already stated, 
the system described contemplates the use of alternating current. 
It is the intention to use current of approximately 20 cycles and 
as a result the wipers will pass over the trunk contacts at the 
rate of 40 contacts per second. Therefore, іп the case of the 
line switch one-quarter of a second will be required for the 
wipers to pass over an entire bank of ten contacts, and this 
speed is so great that there is no danger that the subscriber 
will operate his calling device before the trunk has been selected. 


AUTOMATIC-DISTRIBUTING SWITCHBOARD 


As no automatic-distributing system has been placed in opera- 
tion, it is interesting only for its future possibilities. A multiple 
switchboard which 1s similar in appearance to a manual multiple 
switchboard will be used. ‘No answering jacks or answering 
lamps are necessary and upon the key and plug shelves single 
plugs will appear instead of pairs of plugs. Switches, which 
may be of the same general construction as selector switches 
used in automatic switchboards, are required and at each sub- 
scriber's station will be a common battery telephone of the 
ordinary type, no calling device or additional apparatus being 
necessary. 


1911] WINSTON: AUTOMATIC TELEPHONE 687 


In making a call the subscriber will remove his receiver in the 
regular manner, and by so doing will light a lamp associated 
with one of the plugs upon the keyshelf at the operator's posi- 
tion. It will be understood that switches similar to any one of 
the five selector switches already described and either an in- 
dividual line switch or a back-selecting arrangement can be em- 
ployed to continue the subscriber’s line to the switchboard. The 
operation of a line relay in the back-selecting scheme will set in 
motion two separate switches, one will connect its wipers to the 
terminals of the calling line, while the second will select an idle 
cord at the first idle operator’s position. When both of the 
switches have come to rest, current flowing through a relay over 
the subscriber’s line will cause the illumination of a lamp on the 
keyboard in front of an operator. The operator will throw the 
listening key associated with this lamp and ascertain from the 
subscriber the number of the station desired. Having received 
this information, she will, without testing, insert the plug into 
the multiple jack of the desired line, extinguishing the calling 
lamp and lighting in its place a second lamp which acts as a 
supervisory. If the line is not busy, the bell will then be rung 
automatically until the subscriber responds, when the super- 
visory lamp will be extinguished. If the line is busy when the 
connection is established, the subscriber will receive the busy 
signal and upon hanging up will give the disconnect signal to the 
operator. | 

At the end of conversation when the two subscribers have 
placed their receivers upon their hooks, the supervisory lamps 
wil light and the operator will withdraw the plug from the 
multiple jacks, thus restoring the switches as well as all other 
apparatus to normal position. 

With this scheme a subscriber's line is not associated with one 
particular line lamp, as in the case of manual switchboards, 
but any subscriber may light апу calling lamp in front of апу 
operator's position. When a call is made, if no cords are in use, 
the first idle lamp in the first operator's position will be lighted, 
while a second call will come in upon the lamp of the next cord 
in the same position, and so on until all cords at the first position 
are іп use. Additional calls will then automatically pass to the 
second position. In this way one operator can handle all calls 
at certain times of the day and when business increases a second 
operator can take up her duties, then the third and as many as 
may be necessary. It is not necessary at the time of light load 
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for an opcrator to change from one position to another or to 
answer calls in multiple jacks as the automatic apparatus рго- 
vided makes it unnecessary. It can readily be seen from the 
facts just stated that inasmuch as the operators work more 
efficiently than at a manual multiple switchboard, each operator 
can handle a greater number of calls, thus reducing the total 
number of operators required, and as а result the total number 
of switchboard sections. These are the advantages claimed 
for this system. If it is to be a success, the advantages must 
be great enough to outweigh the disadvantages due to the use 
of automatic switches, as well as to the initial cost of the equip- 
ment which is considerablv more than that of a manual switch- 
board. 


SEMI-AUTOMATIC SWITCHBOARD 


Operators are also required in a semi-automatic switchboard 
but instead of using multiple jack equipment as in the automatic 
distributing, each operator is provided with a desk and ap- 
paratus which enables her to reccive calls from subscribers, to 
operate sclector and connector switches and thus establish 
connections between lines. Either individual line switches or 
a back-selecting scheme can be used to connect calling lines to 
the trunk circuits. The method of operation, using the back- 
selecting scheme, is as follows: 

When a receiver is removed from its hook, the operation of the 
corresponding line relay sets in motion a line selecting switch 
which selects the calling line, and a second switch which selects 
the first idle trunk terminating at the position of the first operator 
having an idle trunk, thus connecting the calling line through 
these two switching circuits, and lighting a lamp in front of that 
operator. The operator’s desk 1s equipped with two or more 
trunk circuits, each requiring a listening key and two, three, 
four, or five rows of ten keys each for operating the switches— 
the number of rows depending upon the size of the exchange. 
That is, if an exchange has an ultimate of 1000 lines, three rows 
will be required, while four are necessary for a 10,000 line system 
and five for a 100,000 line system. When the lamp associated 
with a group of keys lights, showing that a connection 15 de- 
sired, the operator will, by means of the listening key, place her 
telephone set in connection with the calling line. After ascer- 
taining from the subscriber the number of the line desired, she 
will operate the proper key in each of the groups, thus setting 
up the number of the called line. Immediately after the key 
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corresponding to the first digit is operated, current passing 
through an interrupter, which is individual to the trunk circuit, 
will operate the first selector associated with the line selector, 
and immediately thereafter a second impulse through the key 
corresponding to the second digit will operate the second se- 
lector, and in the case of 10,000 line system, a third and fourth 
impulse will complete the connection through the connector to 
the called line. As soon as the last impulse has been sent to the 
connector, the lamp on the operator’s keyboard will be ex- 
tinguished and the trunk over which the preliminary connection 
to the operator’s desk was made, will be disconnected and placed 
in condition to receive a second call. The bell of the called sta- 
tion will be rung automatically and at the end of conversation 
the switches will be disconnected, without the assistance of the 
operator, when the subscribers hang up their receivers. 

It is easily seen that many variations in the method of opera- 
tion of semi-automatic can be made and that there is a wide 
field for argument as to the importance of certain features. It 
will be noted, for example, that in the operation described, the 
operator is disconnected from the subscriber as soon as the last 
impulse has been transmitted to the connector. Hence, if the 
attention of the operator is again desired by the subscriber, for 
any reason, the operation of the switchhook may place him in 
communication with a second operator, thus causing possible 
confusion and dissatisfaction. 

It is probable that before many vears the differences of opinion 
which now exist as to the relative advantages of manual and 
automatic will disappear, and that definite standards will be 
adopted for the various conditions of practice. It is possible 
that for localities of a certain size one system will be used while 
for larger and smaller installations entirely different systems will 
be found to meet the requirements more satisfactorily. It is now 
impossible to foretell what this ultimate solution of the problem 
will be, and one who is bold enough to attempt to do so is putting 
his reputation as a prophet to a severe test. 
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(Subject to final revision for the Transactions). 


TRANSMISSION APPLIED TO IRRIGATION 


BY О. Н. ENSIGN AND JAMES М. GAYLORD 


The subject of transmission applied to irrigation covers a 
very broad field of electrical, hydraulic and mechanical engi- 
neering. It presents problems of finance and agriculture and 
must also be viewed from the humanitarian standpoint. There 
are a number of distinct conditions which lead to the use of 
transmitted power for pumping in connection with irrigation 
projects. The more important of these conditions are the 
following: 
1. In some cases high lands which can not be reached by the 
diversion works constructed for a gravity system can be reached 
by pumping water from the gravity canals into canals feeding 
such high land areas. 
2. The irrigated area may be advantageously extended by 
pumping from wells, thus drawing on the underground sources 
and tending to keep the water plane down, this plan being par- 
ticularly desirable in certain cases, as will be explained farther 
on in this article. 
3. Pumping may also be applied to the drainage of low land, 
water being pumped to cither irrigation or waste ditches. Е 
In connection with the diversion works, it frequently occurs | 
that a considerable amount of hydraulic power сап be advantage- 
ously developed, and in such cases this power may be trans- 
mitted and applied to any or all the purposes named above. | 
Where hydraulic power cannot be developed, steam or other 
engines must of course be employed. 
This paper will be devoted mainly to the discussion of two 
hydroclectric transmission systems constructed by the Reclama- 
tion Service, one applied to the irrigation of high lands by pump- 
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691 


LET B e шый n еліні. EN ÓHÁÉÍ€ 


692 ENSIGN AND GAYLORD: [April 25 


ing from gravity canals, and the other applied to the extension 
of the irrigated area by pumping from the underground sources. 
The former of these has been nearly completed. In the latter, 
however, only a small portion of the contemplated development 
has been finished. 

It may not be inappropriate in this discussion to call attention 
to the advantages of pumping the ground waters of an irrigated 
area. The advantages of such a plan are. first, to prevent the 
rise of the ground waters to a point dangcrously near the surface 
and, second, to supplement by means of drawing on the under- 
ground supplies the water stored in the reservoir or diverted from 
the natural flow of the streams. 

The rise of the ground waters damages the land in an arid 
climate by allowing evaporation to take place from the surface 
ог from near the surface of the ground, thus increasing the | 
amount of deleterious salts іп the surface soil, gradually causing 
the land to become alkaline in character and non-productive, 
hence it is essential that the water plane should not rise beyond 
a certain limit. 

It may generally be considered that the thorough watering 
for irrigation purposes of a large area of land which heretofore 
has been drained by the rivers which have flowed through it will 
tend more or less to cause a rise of the ground waters, hence the 
importance of this particular phase of irrigation. 

In some cases the natural underground drainage may be such 
that the nse of the water plane will be limited to a reasonable 
depth below the surface, but there are many examples іп the 
West where this has not been the case and lands which were once 
unusually productive have been made valucless on account of the 
rise of the water plane. In some instances it may be necessary 
to drain this water off and let it waste, because it may carry а 
percentage of salts that would damage the land, but in the ma- 
jority of cases it may be pumped from wells into canals and 
distributed. 

southern California presents a good example of this condition, 
for practically two-thirds of the water supply for this wonder- 
fully productive area is obtained from underground sources. 
The water plane in a large section of this area is maintained at 
least 50 ft. (15 m.) below the surface of the ground, thus giving 
good drainage and constantly improving the condition of the 
surface soil. All of this pumped water is used for irrigation. 

In all irrigation projects, whether Бу gravity or pumping, the 
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first thing to be borne in mind is will it pay; that is, can the 
land stand the charge for the development and the cost of opera- 
tion of the same. Here the question of climate and the class of 
products which can be raised upon the soil must be taken into 
consideration. In some localities a cost of $40 per acre (0.4 
hectare) would be a limiting price for the development. In 
other cases a charge of $100 per acre would not be excessive. 
The charge for maintenance and operation may vary from $2 
to $25 or $30 per acre per annum, the nature of the crop being 
the controlling feature. It might be mentioned that alfalfa is 
being grown in Southern California irrigated by water which is 
pumped from wells, and that orange groves are irrigated by 
water pumped in some cases as high as 200 feet, both with ap- 
parent financial success. On the other hand, to develop water 
for irrigation in the northern climes, where the season is short, 
and such crops as alfalfa, grain, potatoes, etc., must be depended 
upon, the maintenance cost per acre must be kept at a minimum. 


MINIDOKA PROJECT 


In the central southern part of Idaho, along the Snake River, 
The United States Reclamation Service has constructed what is 
known as the Minidoka project. This project comprises 
130,000 acres (52,609 hectares) of land, of which, roughly, 
70,000 acres (28,328 hectares) are fed by gravity system on the 
north side of the river, 10,000 acres (4,046 hectares) by gravity 
on the south side of the river and the remaining 50,000 acres 
(20,234 hectares) on the south side being supplied with water 
pumped from the south side gravity canal. (See map, Fig. 1.) 

The Minidoka dam, designed primarily to divert. water into 
the gravity canals, was constructed during the years 1904, 1905 
and 1906. It is a rock-filled dam with concrete core, located 
near the foot of the rapids in the Snake River. It creates a fall 
which averages 46 ft. (14 m.) through the various stages of river 
discharge, and thus offers an excellent opportunity for de- 
velopment of power. In order that the water might be diverted 
from the main river channel during the construction of this dam, 
a deep sluicing channel was made through the lava formation on 
the north side of the river, and in this sluicing channel was con- 
structed the concrete dam shown іп Fig. 2. This structure was 
built, so far as could then be foreseen, without complete power 
plant designs, so that it could later be used for the development 
of power. Through the base of this dam are five sluicing gates, 
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and higher up are ten 10-ft. (8-m.) circular openings to be used 
for the power development. 

In February, 1908, instructions were given to proceed with 
the design and construction of a plant at this point to supply 


.power for pumping water to the high-land area 15 miles (24 km.) ` 


distant. This work was immediately undertaken and pushed 
with all possible speed. Оп the 8th day of May, 1909, one unit 
in the power plant and one unit in each of the three pumping 


SCALE OF MILES 
1 0 1 2 $. 4 
— Transmission Line 
Canals 


Fic. 1.— Minidoka project, Idaho. 


stations were started and operated throughout the irrigation 
season. 
The power plant equipment includes the following: 


Five 1400-kilovolt-ampere, three-phase, 60-cycle vertical alternators, 
each connected to a 2000-h.p. hydraulic turbine. 

Two 120-kw., vertical exciter units, each direct connected to a 
180-h.p. hydraulic turbine. 

Five three-phase, air-blast transformers, delivering 33,000-volt 
current to the high-tension buses. 
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The general arrangement of the plant is shown in Fig. 3, and 
is further illustrated by Figs. 4 to 7. 

The turbines are on the lowest floor of the power plant and 
are carried upon heavy reinforced concrete arches, built up 
from the bottom of the diversion channel and the buttresses 
of the dam. The alternators rest upon a reinforced concrete 
structure and are connected to the turbine shafts by means of 
clamp couplings. The thrust bearings are located on top of the 
alternators, which puts the shafts in tension. These are plain 
collar bearings running in simple oil baths without pressure, 
and this type of bearing has proven entirely satisfactory. They 


Fic. 2.—Concrete structure in diversion channel, Minidoka dam. 


have given no trouble whatever in two years’ operation. The 
arrangement of the exciter units is identical with that of the 
main generators, except that in the case of the exciters the thrust 
bearing is located on top of the turbine. 

In order to utilize the waste room resulting from the peculiar 
construction of the dam and the space occupied by the penstocks, 
a gallery was constructed the entire length of the building along 
the lower face of the dam and on this gallery are placed the air- 
blast transformers and high-tension oil switches. The 33,000- 
volt bus-bars are carried on insulators above this gallery from 
the south to the north end of the building, where they enter con- 
crete cells and are led to the line switches located at this end 
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of the building on the generator floor. Below the transformers 
is a large air duct supplied by two motor-driven fans, and below 
the air duct on the generator floor all of the governor apparatus 
is placed. The operating switchboard is at one end of the sta- 
tion and the portion now installed, including the total output 
panel, faces the machines it controls. It is intended later to 
extend the present building by adding a wing along the north 
side of the tailrace, and that portion of the switchboard shown on 
the drawing for future installation will face this extension. The 
lightning arresters are located on a special gallery above the 
switchboard proper. : 
The hvdraulic equipment consists of five 523-in. (1.33-m.) 
vertical turbines, arranged in special steel cases which are con- 


Fic. 4.—Exterior, Minidoka power house. 


nected to the dam by means of 10-ft. (3-m.) penstocks, con- 
trolled by motor-operated cast iron gates. It was necessary 
to connect these penstocks and install the gates and trash racks 
without lowering the water in the lake. The water surface is 
from 16 to 20 ft. (4.87 to 6.09 m.) above the bottom of these 
gates, and the problem of installation was solved by designing 
a special wooden cofferdam, hinged at the top of the dam and 
which could be swung down against the up-stream face of the 
structure by filling with gravel pockets provided on the back of 
the coffer-dam. With the cofferdam in place the place im- 
mediately in front of the penstock openings is unwatered by 
cutting through the stop logs in the 10-ft. (3-т.) opening. Ву 
this means the installation of gates and trash racks was suc- 
cessfully and cheaply accomplished. 
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The governors for the main turbines are all supplied from a 
central oil-pressure system, consisting of two gear pumps, 
driven by 40 h.p. direct-current motors, suitable pressure tanks 
and brass-pipe distributing lines. No receivers or vacuum 
tanks are used, the oil from the governors being returned to an 
open tank in order to allow the oil to settle and any entrained 
gases to escape. Governor heads are provided with means of 
control from the switchboard, this control being sufficiently 
close for synchronizing and dividing the load between units, and 
if need be the turbines can be started and stopped by the switch- 
board operator. 


Fic. 5.—Interior, Minidoka power house. 


The turbines were designed to meet the following operating 
conditions: Effective head 46 ft. (14 m.); maximum power 
2000 h.p.; speed 200 rev. per min. The maximum efficiency 
guaranteed by the makers is 81.5 per cent. The guaranteed 
average efficiency between half and full gate is 77 per cent. 

The electrical apparatus is connected on the unit system to 
duplicate 33,000-volt bus bars. All synchronizing is done at 
33,000 volts, oil switches being provided on the high-tension 
side of the transformers only. These switches are located ad- 
jacent to the transformers and are operated by remote control. 
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Provision has been made for two transmission lines, either of 
which can be operated from either bus. 

The operating characteristics of the power plant apparatus 
are as follows: 

Alternator, 1400 kilovolt-amperes, 2300 volts, three phase, 
60 cycles, 200 rev. per min.; regulation at 100 per cent power 
factor, 8 per cent; efficiency at full load, 96 per cent; tempera- 
ture rise at full load, 40 deg. 

Transformers, 1400 kilovolt-amperes, low voltage 2300, high 
voltage 33,000 Y. Regulation at 100 per cent power factor, 
0.9 per cent; temperature rise at full load, 40 deg.; efficiency at 
full load, 98.4 per cent. 


All of the apparatus has exceeded the requirements of the > 


specifications in actual performance. 


Fic. 6.—Tail race excavation, Minidoka power house. 


The transmission line, consisting of a single circuit of No. 3 
and No. 5 B. & S. copper, carried on wooden poles, is 22 miles 
(35.4 km.) in length and crosses the Snake River in an 1150-ft. 
(350-m.) span of six-strand, 83,000-cir. mil copper cable at a point 
11 miles (3.3 т.) below the power plant. A second similar line is 
being constructed on the south side of the river, using No. 5 wire, 
and the two lines will be connected as a loop system through 
the stations and to the towns on the project which are bung 
‚ supplied with light and power. 

There are three pumping stations, each having a lift of 31 ft. 
(9.4 m.). No. 1 contains 5 pumps, four of 125 second-feet 
capacity and one of 75 second-feet capacity; No. 2 four pumps, 
each of 125 second-feet capacity; and No. 3 three pumps, two 
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of 125 second-feet and one of 75 second-feet capacity. The 
general arrangement of these pumping stations is shown in 
Fig. 8. 

The problem in a system of this kind is to supply at as high 
an efficiency as practicable, taking into consideration operating 
conditions, first cost and maintenance, water in variable quan- 
tities with the least liability of shut-down and the least possible 
operating expense. Bearing this in mind, the choice of design 
of pumping station and especially the arrangement of the pump- 
ing units requires no small amount of study. The ordinary 


Fic. 7.—Oil pump and governor, Minidoka power house. 


horizontal pump with the necessary foot valves would have made 
an expensive .and awkward plant, and such an arrangement 
would have required a much larger amount of floor space than 
that occupied by the vertical units which were finally decided 
upon. The foot valves alone would have introduced a serious 
loss of head by offering considerable friction, and the control of 
the discharge of the water by means of gate valves would have 
involved an expensive installation and a constant source of 
annoyance in operation. The idea of controlling this pump by 
means of a cylinder gate, similar to those used in water turbines, 
resulting from. a careful study of the problem, was carried out 
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with very satisfactory results. By means of this gate the flow 
of water in the canals is under close control by the operator 
in the pumping station. 

The pumps are installed in separate compartments and are 


Fic. 9.—Pumping station No. 1, Minidoka project. 


direct connected to synchronous motors located directly above 
them and supported by a heavily reinforced concrete structure. 
As in the case of the generators at the power house, the weight 
of the rotating element is carried by thrust bearings located 
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Fic. 10.—Pumping station No. 2, Minidoka project. 


on top of the motors. In this case, however, the bearing is of the 
roller type, this style of bearing having been adopted on account 
of the necessity of reducing friction to a minimum in starting 
the synchronous motors. 
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Motor-operated steel plate sliding gates are used to admit Ji 743 
water from the forebay to the pump pits, two gates being pro- { | 1 | 
vided for each pit. Provision has been made for pumping out the b | ge 
pits in order that the synchronous motors may be started without " E! 
load other than friction and windage of the rotating parts. | | | 
For this purpose an auxiliary six-inch (15.24-cm.) centrifugal | | | 
pump was provided and arranged so that its suction could be МШ! 
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Fic. 11.—Interior pumping station Fic. 12.—Interior Pumping station | т || | 
No. 1, Minidoka project No. 2 Minidoka project 1 | d 
ШЕНІ 
connected to апу pit and the water entirely removed before | | EN | 
the motor is started. | e | 1 | 
When the plant was first designed, it was thought inadvisable 10511451 
to adopt an arrangement by which the pumping units could be i | 11 | j| 
Started in quick succession, on account of the danger of the | | E | SE 
sudden rush of water down the canal injuring the banks. The шш" 
auxiliary pump, therefore, is of only sufficient capacity to permit { 1. | Г 
starting of pumps at intervals of 20 to 30 minutes. Two years’ т | | 
ТВ 1 | 
в. и: 
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operation has shown this to be an unnecessary precaution, and 
by means of a specially designed starting valve each pump is now 
arranged so that it can empty its own pit while the motor 4s 
running on the compensator in starting. As soon as the pit is 
emptied the motor approaches synchronous speed and the field 
is excited. This arrangement has worked out very satisfactorily, 
and by its use a pump can be started up and put into full opera- 
tion inside of two minutes. 

Each pump has but one guide bearing, a long sleeve with a 
stuffing box at the top, and near the top of the sleeve the bearing 
is supplied with a semi-hard oil having the consistency of 
vaseline, forced in by a special motor-driven pump for each in- 
dividual bearing. Lubricating in this manner forces the lubri- 
cant downward апа excludes 
water from the bearing and any 
possible grit which may be in 
the water. In two vears’ time 
no rust or wear is shown on 
these bearings, the shaft being 
as bright as when it came from 
the factory. 

Curves giving the characteris- 
tics of the pump as to efficiency, 
power and gate openings are 
shown in Fig. 13. 

The upper end of the 53-ft. | 
(10074m.) concrete fore mans ТПО 
leading from the pumps is closed 
by a check valve, to prevent 
water from running back to the 
pump in case of a shut-down. This valve is made up of 1-in. 
(6.35 mm.) boiler plate slightly bumped, hinged from the top of 
the head wall and seating against rubber packing set in a cast 
iron ring. Y | 

The motors for driving the 125-second-foot pumps are of the 
self-starting synchronous type, operating at 300 rev. per min. 
and receiving 60-cycle, three-phase current at 2200 volts. 

When operating as generators the characteristics are as 
follows: 


EFFICIENCY 


Fic. 13.— Test of 125-ft.-per-sec. 
centrifugal pump 


Efficiency at full load, 100 per cent power factor, 94 per cent; 
Regulation at 100 per cent power factor, 8 per cent; 
Temperature rise at full load, 40 deg. i 
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The motors for operating the smaller pumps are similar except 
that they have a capacity of 360 h.p. and the following operating 
characteristics; 


Efficiency at full load, 100 per cent power factor, 94 per cent; 
Regulation at 100 per cent power factor, 8 per cent; 
Temperature rise at full load, 40 deg. 


Тһе rotors are provided with squirrel-cage windings, to permit 
starting as induction motors, receiving for this purpose current 
at low voltage from compensators. Тһе compensator voltage is 
so adjusted that the starting current drawn from the line does 
not exceed normal full load operating current of the motor, and 


Fic. 14.—Switchboard pumping station No. 2, Minidoka project. 


by careful manipulation the motor can be brought into step with 
the line without exceeding this. It has been found that this 
can be most easily accomplished by exciting the fields while the 
motor is running at low voltage on the compensator and then 
throwing over to full voltage with the machine running steadily 
at synchronous speed. 

The step-down transformers are of the three-phase, air-blast 
type, receiving 30,000-volt current through oil circuit breakers 
from the high-tension bus and delivering the 2,200-volt current 


through disconnecting switches and expulsion fuses to the 
low-tension bus. 
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The transformer characteristics are as follows: 


Efficiency at full load, 100 per cent power factor, 98 per cent; 
Regulation at 100 per cent power factor, 1.1 per cent; 
Temperature rise at full load, 40 deg. 


In pumping station No. 2 are installed the transformers 
necessary for station No. 3. The distance between stations 
1 and 2 is 13 miles (2.4 km.), and between stations 2 and 3 
three-quarters of a mile (1.2 km.), the highest voltage carried 
to the latter station being 2,200 volts. 

The exciters and blowers for the transformers are driven ty 
induction motors and a motor-driven air compressor has been 
provided for cleansing the apparatus in each station. Lightning 
protection is provided in the form of electrolytic arresters placed 
inside the building. 


Fic. 15.—Check valves at head of discharge pipes. Pumping station 
| No. 2, Minidoka project. 


All the switching apparatus in the pumping stations 1s oper- 
ated by distant mechanical control. А single high-tension bus 
has been provided, but provision has been made by means of 
disconnecting switches for receiving power from either or both 
transmission lines. 

The power house and substation buildings up to the motor 
and generator floor were built during the winter between the 
middle of November, 1908 and the first of February, 1909, and 
during this time the weather was very cold, reaching to as 
low as 15 deg. below zero. Considerable rock excavation was 
necessary at pumping station No. 2, and at the tail race for the 
power plant, and the concrete work on all of the structures had 
to be protected from freezing until set by means of artificial heat. 
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The apparatus, consisting of one unit in each station, was 
started in the spring of 1909 in temporary wooden structures 
covering the motor and generator floors; around these structures 
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Fic. 16.— Canal above pumping station No. 1, showing pumped water, 
Minidoka project. 


permanent buildings were finished during the summer. During 
the winter of 1909-1910 additional units were installed for the 
operating season. At the present time two additional units 
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Fic. 17.—Pumping station No. 3, Minidoka project. 


are being installed in the generating stations апа” two pumps 
in the pumping stations and during the winter of 1911 and 1912 
three more pumps will be installed. 
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The following table of costs, when considered in connection 
with the strenuous conditions under which these plants were 
constructed, may be of interest. The figures given in the table 
do not include the cost of operators’ quarters and road making. 
These items have been omitted, since they are so greatly de- 
pendent upon local conditions. The erection costs, however, 
include several items such as the cost of making preliminary 
tests of the hydraulic apparatus, the cost of temporary buildings 
for housing machinery during the time the permanent buildings 
were under construction and other items made necessary by the 
severe conditions under which the plants were constructed. 


TABLE I 
CONSTRUCTION COST OF MINIDOKA POWER AND PUMPING SYSTEM 


! 


| 
| Pumping | | Pumping Ритрипя | Trans- 
Power station | station station mission 
plant No. 1 | Мо. 2 No. 3 line Total 
| | i | 
M MENGE EE MEM | 
Сарас!у............. 6,500 kw. | 2,500 Км. | 3,000 kw. | 1,300 kw. ; 6,500 kw. | 6,500 kw. 
Building............. $350,200 | $34,500 ! | $40,300 | %19,200 — | $174,200 
| Масһіпегу........... 167,600 | 78,800 | 73,600; 32,500 -- | 352.500 
Freight and hauling...| 25,100 | 11,800 | 10,600! 6.100 Ex 53,600. 
Егесіоп............. 62,300! 18,200; 16,800; 8.600 = 105.900 
{ ! І 
Enginecring and іпсі- | | 
dentals.. ouaou. 13.600 ° 5,6002 5,300 2,500 — | 27,300 
| | 
Tail racë; erosoan | 26,600 | -- | -- — — | 56,600 
! Pressure pipes........ | = | 19,000 | 14,000 16,600 -- | 49,600 i 
i ; | 
Double transmission| | | | | 
[H5 ышана entera — | m | -- 32,000 | 35,000 
В $405.400 | $167 © $160,600 | $85,800 632,000 %824,700 
| 
Unit соз%............ | $63.00 ж %67. 00 | $23.00 | $66.00 | $5.40 | $132.00 


А large portion of the riveting of the turbine cases, penstocks 

and draft tubes was done in the ficld. In fact, the penstocks 
and draft tubes were completely assembled at the plant. 

~ It may also be noted that the cost per kilowatt of station No. 2 

is based on its transformer capacity of 3,000 kilowatts, while the 

unit cost at station No. З is based on its motor capacity. 

In table II 1s shown the estimated operating cost, based on 
the actual cost of operation during the season of 1910, of that 
portion of the equipment then installed. There are two opera- 
Lors on each shift at the power house and there will be but one 
operator on each shift at each of the pumping stations. The 
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cost of repairs during the ѕсаѕоп of 1910 was so ridiculously low 
that the figures given in the table are greatly in excess of the 
actual cost of repairs last year. This also applies to super- 
intendence and general expense. Five per cent per annum de- 
preciation has been allowed on the power installations, including 
buildings, and 10 per cent per annum on the transmission lines. 
No interest charge appears, since funds for the construction of 


TABLE II 
ESTIMATED MONTHLY OPERATING COSTS OF MINIDOKA PUMPING 
SYSTEM BASED ON ACTUAL COST DURING SEASON OF 1910 
EXCLUSIVE OF DITCH TENDING 


| 


| Pumping Pumping Pumping | Trans- 


| 
| Power station | station station mission | | 
| plant No. 1 No. 2 No. 3 line | Total | 
| | 
| d ue | 2757274 
| Capacity d RE | 6.500 kw. 575 sec. ft. 500 sec. ft. 325 sec. ft.) 6,200 kw. | — | 
Labor ше шыйк %700 $300 | $300 $300 | $100 $1,700 | 
биррісв............. 120 30 30 | 15 | 5 | 230 
Кеєраїгз.............. 75 20 ! 20 10 10 135 
Superintendence апа. 
general expense..... 400 200. 200 | 150 40. 990 
Depreciation.......... 1,460 670 ` 670 350 300 3,450 
а реа $2,785 $1,220 $1,220 $325 $455 $6,505 | 
Acre feet pumped... | — 25,000 20,000 15,000 — | — 
Acre feet pumped 1 ft. | 
о ир — 750.000 ' 600,000 | 450,000 — {1,800,000 
| | | 
| WHAT sive кка s 3,600,000 |1,500,000 1,200,000 | 900,000 -- 3.600,000 
Cost per acre ft. 1 ft. | 
ТЫП басылы 0.154 ct. | 0.163 сі. 0.203 ct. 0.183 ct. — | 0.362 ct 
Cost per kw-hr....... 0.077 ct. — — — -- | 0.18 ct 
Cost рег acre per season -- -- i — — | 78 ct. | 
| | 


" Depreciation at 5 per cent per annum on complete power installation, 10 per cent on 
ine, 

Estimates for the six months of the irrigating season assuming that the winter oper- 
ating expenses are covered by the sale of power. 

Allows three acre-feet per acre during season over 50,000 acres. 

Average lift 73 feet. 


all reclamation projects are, in reality, loaned by the United 
States to the settlers without intcrest. 

The figures giving the acre-feet pumped by each station were 
arrived at by comparison of the installed capacity and the 
acre-feet pumped during the season of 1910, with the ultimate 
Capacity of the various pumping stations and it is found that the 
figures thus obtained check very closely with the amount of 
water estimated to be necessary for the successful raising of 
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crops on these lands; namely, three acre-feet per acre per season. 
The acre-feet pumped one foot high was found for each station 
by multiplying the total acre-feet for that station by the ap- 
proximate net lift, namely, 30 ft. The results of last season's 
run showed that the kilowatt-hours generated at the power 
plant were almost exactly double the acre-feet pumped one foot 
high by the pumping stations; and since one kilowatt-hour is 
equal to 1.01 acre-feet one foot high, this would indicate a work- 
ing efficiency from power plant to water delivered in the upper 
canals of approximately 50 per cent. This actual working effi- 
ciency should be compared with the following table of full 
load efficiencies, starting with the water behind the dam and 
working through the system to the water delivered in the upper 
canals. The cost of operation per acre-foot pumped one foot 


TABLE III 
FULL LOAD EFFICIENCIES 


| 

| | Net efficiency 
са from water | 
| Efficiency | behind the dam 


| 
NE ИЕ wee a eel 81.5 per cent | 81.5 per cent 
Dat bad 56504 Hiss o UG ES8 RM MA 96.0 я 78.2 6 

Step-up %гапвіогтпегв................. | 95.4 е 77.0 а | 
Transma son Итіб;,51255442%55556-г 90.0 г 69.3 " | 
Step-down transformer............... 98.0 T 67.9 " 

МҮЛК» 5%% 55455249953 EM ETT 94.0 " 63.8 M 

оо ais tc dno mes Caceres Sch Hewes We 72.5 


“ | 463 * 


high given for the various pumping stations might be taken to 
represent what a company would expect to pay for operating ex- 
penses, exclusive of the cost of power in a pumping station of this 
character. | 
In the table of operating cost it has been estimated that the 
entire winter operating expenses, including fixed charges, will be 
covered by the sale of power and that the land under the pumping 
scason will not be charged with any standby expenses for the 
winter season. Іп such a system as this, where a large amount of 
power is required during the summer irrigating season, and none 
during the winter season, the development of a winter load is 
very desirable, and with this 1n view, the transmission lines have 
been extended to the towns of the Minidoka Project and power 
is there sold for commercial purposes. Extremely low rates 
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are offered for electric heating and the use of large amounts of 
power for all purposcs during the winter is encouraged in every 
possible way. By furnishing power at very low rates, especially 
during the winter months, the annual operating and main- 
tenance charges against the pumping system are reduced and the 
settlers on the project, who have paid for this work, have the 
benefit of cheap light, powcr and electric heat. 


SALT RIVER PROJECT 


Transmission applied to irrigation on the Salt River Project 
is an entirely different problem from that on the Minidoka 
Project. On the Minidoka Project the only method by which 
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Fic. 18.—Map of Salt River project. 


water could be obtained for 50,000 acres of land was through 
the medium of the pumping system. On the Salt River Project 
a Storage reservoir, diversion works and canals are constructed, 
Prepared to irrigate about 260,000 acres (105,218 hectares) of 
land by gravity and pumps. The pumping system will serve 
two purposes; опе is to prevent the rise of the ground waters to а 
Point dangerously near the surface, and the other is to supple- 
ment by the means of drawing on the underground supply, the 
water stored 1п the reservoir and delivered by the natural flow of 
Other streams. 

The power development at the Roosevelt dam consists of two 
Separate hydraulic developments, one from a power canal con- 
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Fic. 19.—General plan of power house, Salt River project 
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structed to furnish power for building the dam, and ultimately 
for permanent power purposes; the other using the water from 
the reservoir as it is discharged for irrigation purposes. The first 
installation at the reservoir consisted of a turbine and generator 
in a cave excavated in the face of the cliff, a short distance below 
the toe of the dam. This cave is now used as a compartment for 
low-tension switch installation. In the early stages of the work 
this form of development was necessary on account of the heavy 
blasting in the vicinity and the consequent danger of damage to 
apparatus less securely housed. Early in the construction work, 
however, plans were developed for a complete power plant, shown 


Fic. 21.—Roosevelt dam showing power house and transformer house in 
foreground. 


in Figs. 19 and 20. The power plant was constructed upon a 
rock foundation formed by excavation of the canyon side. The 
draft tubes and tail race tunnels are constructed in solid rock. 
The water from the power canal is brought to three of the units 
through an incline tunnel, lined half way down with concrete 
only, the balance of the way the concrete is lined on the inside 
with $5-in. (7.9-mm.) steel plate. Extending from the lower end 
of the tunnel the seven-foot (2.1-m.) penstock is made up of 
šin. (15.8-mm.) butt and strap riveted steel plate and is con- 
nected to three units capable of being operated continuously at 
1200 kw. Тһе static head is 226 ft. (68.8 m.) On account of 
the heavy rock excavation necessary to get sufficient room for 
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the building, economy of space was an important consideration 
in the design of the plant. This led to the selection of the verti- 
cal types of generating unit shown in the illustrations. 

The other development is а 10-ft. (3-m.) penstock through the 
dam, controlled with a large cylinder gate just outside the power 
house. To this penstock will be connected three units, one o* 


Fic. 22. —Interior, Roosevelt power house, before completion, showing 
vertical turbines and generators. 


them of 2000-kw. and the other of 1200-kw. capacity. "The oper- 
ating head for which these turbines are designed to give the 
maximum efficiency is 160 ft. (48.7 m.), and it is expected that 
they will be controlled to operate at heads ranging from 90 to 
220 ft. (27.4 to 67 m.). The reservoir contains above the 110-ft. 
(33.5-m.) level, 90 per cent of its full capacity. It may, there- 
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fore, be scen that when the reservoir gets below 160 ft. (48.7 m.) 
while the power of the wheels will fall off greatly, the total 
amount of energy that is available in the reservoir is not very | 
great. ` 

The generating units operate at 500 rev. per min., producing 
three-phase, 25-cycle, 2300-volt current. The operating charac- 
teristics of these generators are: 

Efficiency at full load and 100 per cent power factor, 95 per cent; 
Regulation at 100 рег cent power factor, 8 per cent; 
Temperature rise at full load, 35 deg. cent. 

Тһеге is a double bus bar switchboard with selector switches 
for both transformers and generators. These switches are 
located in the power house and are controlled by a benchboard. 
The transformers and high-tension switches are located in a 
separate building, about 600 ft. (182.8 m.) from the power plant. 
The transformers rest on large castors and are in fire-proof com- 
partments, each three-phase group being isolated by concrete 
barrier walls. Switches and bus bars are all encłosed in concrete 
cells. The transformers have a nominal capacity of 350 kilovolt- 
amperes, but have shown such good regulation and low heating 
characteristics that they may be operated continuously at 
nearly double this capacity without exceeding the temperature 
limits of the Standardization Rules. There are six groups of 
these transformers, transforming from 2,300 volts delta to 45,000 
volts Y, the voltage of the transmission line. 

The transmission line consists of six $83,000 circular-mil, 
six-strand, hard drawn copper wires, supported оп 14-1n. (35.5- 
cm.) insulators having а flash-over test of 165,000 volts dry. 
Тһе line is supported on stecl towers with the lowest wire at an 
average elevation of 30 ft. (9.1 m.) from the ground in the 
mountains, and a limiting distance of 30 ft. (9.1 m.) from the 
lowest wire to the ground in the valley. The towers average а 
distance of 360 ft. (109.7 m.) apart in the mountains, on account 
of rough country, and 400 ft. (121.9 m.) apart in the valley. 
This line is 65 miles (104.6 km.) long, reaching to Phoenix, 
Ariz., the largest town on the project. А branch line taps off 
from a four-way switching station. 40 miles (64.3 km.) from the 
power house, near the town of Mesa and runs south 20 miles 
(32. km.) terminating in a substation at the Pima Indian 
Reservation. There is also, about 10 miles (16 km.) south of 
the main linc, another substation for general irrigation pumping. 
It is contemplated that in the future practically all the power 
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of this plant will be used for irrigation purposes, although at the 
present time it is supplying the local distributing company in 
the City of Phoenix with power under modification of an old 
contract, in effect before the Reclamation Service commenced 
work. After the line reaches the cultivated district, the tri- 
partite form of steel pole is used instead of steel towers, on ac- 
count of the ground space that was saved by such use. Thirty 
miles (48.2 km.) of this line was exceedingly difficult to construct. 
In some places the wire had to be drawn through by cables for 


Fic. 23.—Switchboard,{Roosevelt power house. 


nearly three miles (4.8 km.), as it was inaccessible by the road. 
The line was constructed by pulling the wire under tension by 
° means of a steel hauling line over sheaves placed on the cross arm. 
The cost of 65 miles (104.6 km.) of two-circuit line was $4,400 
per mile (1.6 km.). 

The main transmission line of this system has given abso- 
lutely no trouble since the day it was started from any cause 
that can be traced to the line itself, that is, failure of insulators, 
towers or similar causes. Shortly after the line was put into 
Operation, however, it developed that large hawks, which exist 
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in great numbers in the plain adjacent to the cultivated area, 
covering about 18 miles (28.9 km.) of the main line, caused fre- 
quent interruptions by alighting on the towers and short cir- 
cuiting the wires with their wings. The local superintendent 
has overcome this by installing on the cross arm a small casting 
provided with sockets, in which are rods of hard wood projecting 
upwardly, forming sharp points between the insulators. These 
are very effective and entirely stopped the trouble. The large 
birds are extremely careful about injuring their wings or them- 
selves in lighting near any such device. The same thing oc- 
curred on the branch line recently constructed and this remedy 
was applied. 

The wires are arranged on the towers forming an equilateral 
triangle with 48-in. (1.2-m.) sides. 
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Fic. 24. —Roosevelt-Phoenix transmission line through the mountains. 


One section of the irrigation development by pumping is about 
completed. This is 12,000 acres (4,856 hectares) of land, to be 
supplied almost wholly by pumped water, on the Pima Indian 
Reservation at Sacaton, near the Gila River. There is a flood 
ditch which will supply water from the Gila when it may be in 
flood. This is a very erratic stream and can not be depended 
upon, but its waters are useful in supplying fertilizing qualities 
to the soil, since it carries a vast amount of silt and dissolved 
valuable fertilizing material. In the main, however, these 12,000 
acres (4,856 hectares) of land will depend upon the pumps. A 
line of wells was located, about two miles (3.2 km.) from the 
Gila River, slightly diverging towards the north from the river. 
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These wells consist of first, a 16-in. (0.4 m.) California well 
casing driven to a depth of 200 ft. (60.9 m.); a large portion of 
this depth was found to be of coarse gravel. Around this was 
sunk a concrete caisson, nine ft. (2.7 m.) in diameter, to a 
depth of 45 to 55 ft. (13.7 to 16.7 m.). In sinking these caissons 
a pump having a capacity of 12 second-feet was used, and when a 
depth was reached which corresponded to the capacity of that 
pump, to keep the pit dry for excavating purposes, the work was 


Fic. 25.—Roosevelt-Phoenix transmission line in the valley. 


Stopped. The top of the caisson was then finished into a small 
Square building for the installation of apparatus. Motor, trans- 
former, pump, etc., were installed as shown in Fig. 26. 

Тһе specifications for this pump required a maximum effi- 
сепсу at five second-feet and 55 ft. (16.7 тп.) lift, of 70 per cent, 
and at 35 ft. (10.6 m.) lift and a correspondingly increased ca- 
pacity, an efficiency of 63 per cent. In the effort to meet these 
conditions on a flat top efficiency curve so the motor would 
not be overloaded at lower heads, the manufacturer obtained a 
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pump giving exceedingly fine results, namely, 80.6 per cent, 
including the suction elbow and discharge elbow, at 5.5 second- 
feet and 55 ft. (16.7 m.) lift. The efficiency curves of this 
pump are shown in Fig. 27. 

The pump is a top-suction, vertical shaft pump, carried be- 
tween galvanized steel channel, forming a frame, which carries 
a suitable number of cast iron supports and gtiide bearings. 
The guide bearings have a pan case on the top to receive hard 
oil. At the top of the pump shaft is an oil-lubricated thrust 
bearing in action only as the pump is started. Ав soon as a 
small head of water is produced by the pump, a portion of the 
area of the bottom of the impeller becomes a thrust bearing, 
which as it starts to lift the impeller, uncovers openings from this 
thrust area in to the center of the volute, and the opening of these 
passages balances the pump and stops the impeller in proper 
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Fic. 27.—Test of 10-in. centrifugal pump, Salt River project. 


alignment with the volute, thus carrying the weight of the 
impeller and shaft always on a water thrust. 

This water thrust is adjustable by means of a plug attached 
to a lever and rod leading up to the motor base. A cast iron 
base for the motor is fastened to the top of the frame by bolts. 
The top of the vertical shaft is fitted with a jaw coupling. The 
motor is placed on to the cast iron base with the other half of the 
coupling on the motor matching into the one on the pump shaft 
and is bolted in this position. The jaw coupling allows vertical 
movement of the pump shaft as above described. The motor 
itself has an independent oil-lubricated thrust bearing. Ball 
bearings are not sufficiently reliable for an installation of this 
kind, for the breakage of a ball, with the attendant ten miles 
(16 km.) away, would have serious consequences. Some form 
of bath bearings is best adapted to this work. In this case the 
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bearing consists of large cast iron collars furnished with a slight 
oil pressure from a small gear pump located in an oil reservoir 
holding several gallons of oil and placed at the top of the motor. 

The whole mechanism of motor, pump and frame rests on 
I-beams, grouted in the concrete of the caisson. The motor 
can be unbolted and lifted out and the frame and pump then 
lifted out independently for examination. The discharge pipe is 
composed of galvanized riveted iron pipe hung in the caisson in 
the same way as the motor and frame. Тһе remainder of the 
electrical equipment consists of 10,000-volt oil switches, a 
10,000 to 220-volt, three-phase, self-cooled transformer, pro- 


Fic. 28.—One of the Sacaton wells, Salt River project. 


vided with taps for starting the motor at half voltage; a double- 
throw, triple-pole knife switch and an ammeter. 

Ten of these units in a line ten miles (16 km.) long, and a 
750-kilowatt substation, with provision for extension to 1500 
kilowatts, are taken care of by two men, one of them an Indian. 
The pumps run with very little attention. Similar motors on 
another installation have operated for two years without giving 
any trouble whatsoever. Similar installations of pumps the 
writer has known to operate for long periods, with very little 
attention. 

This pump running submerged is always working at its best 
efficiency. By using a large pump to sink the caisson all the 
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fine material is drawn out of the gravel in the vicinity of the bot- 
tom of the caisson and no more sand will be drawn into the well 
at the reduced capacity of the permanent pump. 

Operation to date has given an average minimum discharge of 
six second-feet for each well, which corresponds to a lift of ap- 
proximately 50 ft. (15.2 m.) and a pump efficiency of approxi- 
mately 80 per cent, as will be seen by reference to the test curves 
of the pump. 

The whole pumping system is an exceedingly reliable one. 
Practically the only attention which seems to have been found 
necessary to date is the restarting of the pumps after an in- 
terruption. It is proposed that this may be finally solved for 
each group of this kind by starting them all from the sub- 
stations by means of a compensator in the substation itself con- 


Pic. 20. — Substation, pumping plant and operators house. 


nected in the 10,000-volt circuit distributing to these pumping 
plants. 

Taking this plant as it stands, solely as a pumping develop- 
ment, without the flood canal, in which case the area supplied 
would be limited to 10,000 acres (4,046 hectares) instead of 
12,000 acres (4,856 hectares) we find some interesting results, 
as to cost, and it 1$ believed that these results can be improved 
upon in the next installation of this character, by taking ad- 
vantage of the experience gained in the sinking of caissons in this 
installation and probably a saving of 15 to 20 per cent might be 
made on that portion of the work. The cost of the ten wells 
and pumping equipment is $105,000, or about $10 an acre 
(0.4 hectare) for the 10,000 acres (4,046 hectares) which they 
will supply. Assuming that a power company stands ready to 
supply the current to the 10,000-volt line in regular commercial 
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work, the following interesting results of cost of irrigation by this 
method may be deduced. 

As shown by the efficiency curve of the pump, the horse- 
power input to the pump at any head which will probably be 
maintained in these wells will not exceed 44 h.p. Taking into 
account shaft losses, piping losses and loss in efficiency of the 
pump as time goes on, it may be assumed that 50 h.p. applied to 
the pump is a reasonable figure. The load or the substation 
calculated from the proven efficiency of operation and line would 
be then 460 kw. supplicd to the 10,000-volt line [ceding the 
pumping station. 

Assuming that it is necessary to run this system an average of 
200 days a year, 24 hours a day, the installation will consume 
2,208,000 kw-hr. To an installation of this size it may be as- 
sumed that power can be supplied from a water power plant at 
not more than 1.5 cents per kw-hr., making a total cost for 
10,000 acres (4,046 hectares) of land $34,000 per annum, for 
power, or $3,40 per acre (0.4 hectare) per annum for the 10,000 
acres (4,046 hectares). Taking into consideration the climate 
existing in this locality and the soil which this water will supply, 
this is an extremely reasonable irrigation power charge. 

The actual method by which the charge for power will be 
made to this particular pumping circuit, however, is that there 
will be charged against this section of land a sum representing 
the cost of the final development of power set aside to supply thi. 
pumping system for the Indian Department when it is all com- 
pleted, and this pumping area will then pay the actual cost of 
furnishing such power. This will reduce the power cost to about 
one-third of that estimated above. So far as depreciation, re- 
newals, repairs and attendance is concerned, is without doubt 
will compare well with any system of its kind herctofore con- 
structed. The wells themselves are of a character which will 
probably last indefinitely. Тһе equipment is one which it is 
believed will present a miniinum of repairs. 

Under the above assumption of operation, there will be 
24,000 acre-feet of water lifted an average of 50 ft. (15.2 m.) at 
a cost for power of $34,000, or at a cost of $1.42 per acre-foot, 
making $0.0285 the cost per acre-foot one foot high, which is 
the figure upon which comparison should be made with other 
installations as to power cost. 

In regard to the Salt River Project, it is expected that there 
may be over 100 pumping plants similar to these described in the 
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Pima Indian Reservation constructed. These will serve the 
purpose of drainage as well as add to the irrigated arca. The 
power for these plants will be furnished, of course, at cost, as the 
operation of the pumping scason will be a part of the project. 

This bricf description of these two installations, covering two 
types illustrating the subject under discussion, represents only a 
portion of the work of this character which 16 being carried on 
by the Reclamation Service. There are many complex and 
interesting problems connected with the various projects, for 
which there is no space in this paper. 
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ELECTRIFICATION ANALYZED, AND ITS PRACTICAL 
APPLICATION TO TRUNK LINE ROADS, INCLUSIVE 
OF FREIGHT AND PASSENGER OPERATION 
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BY WILLIAM S. MURRAY 
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Succinctly, the object of this paper 1$ to place before the 
practical engineer and railroad man the facts concerning 
trunk line electrification, and bring home to him the simple 
truth that it can Бе treated in a class of its own; practi- 
cally no exceptions existing therefrom. I would recommend 
that we be wary of the old expression so often repcated-- 
" Every situation is a study in itself ", and see 1f we cannot 
recognize a standard that will applv to all. In this connection 
I venture the opinion that there is no trunk line situation that 
exists to-dav, but what there is a construction drawing in the 
New Haven enginecring files that would have immediate ap- 
plication. No one can extract any individual credit for this 
fact; it is entirely due to the system itself, as it possesses the 
required elements of simplicity and flexibility. The religion of 
this paper is to preach the doctrine of universal use of single- 
phase current on trunk line roads inclusive of suburban and 
terminal territory, as applied to freight апа passenger opera- 
tion, and I offer for consideration the standardization of 11,000 
volts on the contact wire and a svstem frequency of 25 cvcles. 
In suggesting 11,000 volts on the contact wire, this is advocated 
for application on railroad right-of-way which may be adjacent 
to foreign road territory to permit of one companv's equipment 
operating upon the right-of-way of another. This voltage 
is recommended as a minimum potential; it being recognized 
that there is no objection to a higher voltage on other lines in- 


NOoTE.— This paper is to be presented at the Toronto meeting of 
the A. I. E. E., April 9, 1911. Norice of oral discussion or апу written 
discussion should be mailed to reach the Secretary before date of meeting. 
Written contributions received within 30 days thereafter will be treated 
as if presented at the meeting. 
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dividual to themselves where transmission economy сап be 
obtained by the use of the higher voltage. 

In recommending 25 cycles as standard for single-phase 
electrification, this is not so much based upon the successful use 
of this frequency on the New Haven road, as upon my belief 
that the future will undoubtedly «се single-phase locomotive 
induction motors and probably single-phase current received at 
the terminals of the locomotive and transformed into direct 
current without the use of апу rotating element within the loco- 
motive. If 15 cycles, as some have been prone to recommend 
of late years, be clected as a standard frequency, such a fre- 
quency would handicap, if not eliminate, the opportunity of 
obtaining one of these two highly desirable alternatives entirely 
within reach by the use of 25 cycles. 

We have made electrification in its various forms work. We 
сап now make it pay. The only possible way that electrification 
сап be made to pay 15 by electing such a system, the vearly 
operating cost of which, inclusive of its maintenance charges, 
subtracted from the yearly cost of the steam system it re- 
places, leaves a figure which represents a little more than the 
interest on the capital investment required for the installation of 
the electrical system. When the board of directors of a railroad 
company pass favorably upon an appropriation of several 
millions of dollars to purchase power houses at, say, a million 
dollars apiece, locomotives at $30,000 apiece and line construc- 
tion at $25,000 or $30,000 a mile for a four-track svstem, 
il is not an unfair question for that board of directors (who, 
while they may be interested іп eliminating the smoke and dirt 
incident to the original system replaced, and be glad to have the 
assurance of the electrical engineer that the time of switching 
movement of the railroad's equipments both in yards, terminal 
property and main line have been reduced) to ask for a closer 
analvsis than this, and also ask for some specific explanation as 
to the return each year of a percentage of some of the dollars 
spent. 

In the generosity of his heart, the practical railroad man has 
looked with some commiseration, some kindness and lately 
with somoe real interest upon those electrical engineers who are 
truly endeavoring, while engrossed in the principles of their own 
electrical art, not to forget in their studies to take into con- 
sideration the principles now of such long standing that have 
placed the art of steam railroading on its present sound basis. 
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With that in mind there follows in this paper a series of studics 
of a steam locomotive as it appears in its four classes, on a 
typical trunk line property. The whole problem of clectrifica- 
tion, if viewed from the point of whether it is to pay, settles down 
to how much it costs to produce the necessary tractive effort 
required in 

1. The passenger express locomotive; 

2. The passenger local locomotive; 

3. The freight road engine; 

4. The freight switch engine; 


together with such other costs incident to the electrical svstem. | 
The writer, during the past four years, has had the opportunity - 


of studying these four classes of steam locomotives. The old 
railroad man when he reads over these statistical records will 
recognize the results. The electrical man, after he has read 
them, must realize that to make his clectrification pay he must 
be able to reproduce the four classes of steam tractive efforts 
by electricity, with a total investment, the interest on which 
must be carried by the economics to be effected over steam 
operation. 
THE STEAM PASSENGER LOCOMOTIVE 

In a discussion of the paper presented before the American 
Institute of Electrical Engineers by Messrs. Stillwell and Putnam 
on January 25, 1907, the writer presented a tabulated set of 
figures with reference to the fuel required for the operation 
of steam passenger and freight locomotives, and the yearly cost 
of their maintenance and repairs. 

Briefly quoting from that discussion, TRANSACTIONS A.I.E.E., 
Vol. XXVI, page 146, and with reference to the tables 1 and 2 
there presented, showing the relation between coal consumption 
and ton-miles, the following statement is made: “ An interesting 
and valuable query is—What fraction of a pound of coal is 
consumed in producing a ton-mile іп any one of the above scr- 
vices? Tables 2 and 3, following, show that it takes 0.169 Ib. 
of coal, 0.194 Ib. of coal and 0.335 Ib. of coal to produce a ton- 
mile in freight, express passenger and express local passenger 
service, respectively." In an effort to condense as much as 
possible the discussion, and confine the remarks to the results 
obtained, the writer omitted the presentation of the actual data 
from which the results were obtained; having in mind that later, 
and at a more opportune time, this data would be of interest. 
A very fair express and local trunk line service is offered in the 
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trains of these respective classes between New Haven and New 
York City; and, as explained in the discussion previously re- 
ferred to, a month was devoted to the study of the capacity of 
engines required and the coal consumed in such services over 
the 61.5 miles of route between New Haven and Woodlawn, 
М. Y., (east and west runs). In Figs. 1, 2, 3, 4 and 5, herewith, 
is given information with reference to average cut-off, boiler 
pressure, water consumption, indicated horse power and grade— 
all referred to stations along the route and supplemented by a 
synopsis of the general engine and train conditions which are 
inclusive of train schedule, weights, cylinder and whecl sizes, 
etc. 

These data were secured for express operation, and the manner 
in which the tests were conducted is covered in TRANSACTIONS 
A.I.E.E., Vol. XXVI, page 146. 

Figs. 6, 7, 8, 9 and 10, following, cover similar data for the 
steam local operation between New Haven апа Woodlawn 
(cast and west runs). 

Figs. 11 and 12 give the respective averages of the aforegoing 
five tests, each for the express and local operation. Тһе ten 
runs are presented, first, as a record of individual runs, and 
second, to show how verv closely the tests checked upon them- 
selves. As Figs. 11 and 12 are the summation and average of all 
other tests, the results plotted thereon can be used as references, 
rather than any data on Figs. 1 to 10, inclusive. 

Space required for other matters does not permit a generous 
amount of discussion of these steam locomotive statistics. 
They present, perhaps, some reassuring evidence of our effort 
to become intimately acquainted with the problem the steam 
engineer had solved before the electrical engineer assimilated 
it for betterment. The writer would have liked to have covered 
the investigation more completely by a more exhaustive study 
of the track resistance, using trains of varying weight. Time, 
however, in those days was ever the essence of the contract, 
and the writer knew that the choice of train weights shghtly 
below the average conditions would bring constants for ton- 
‘mile energy consumption at rates higher, and thus safer for 
reference in settling electrical capacities; and also knew that the 
future would offer a better opportunity to study the resistance 
problem by electric rather than steam locomotives. The two 
data most interesting to the writer in these plotted charts is the 
indication of the size of locomotive required to accomplish the 
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express and local schedule between New Haven and New York. 
The horse power per ton of train movement immediately af- 
forded a check on the capacity of the engine required, showing 
the normal size of unit to be elected, which, under an arrangement 
of multiple unit control, permitted the proper amount of engine 
power to apply to trains of varving weight; the other data most 
interesting and important to the writer was thc water con- 
sumption, giving a close check on the relative energy require- 
ments between express and local service. This analysis of the 
steam engine under operation for trunk line conditions incident 
to the New Haven Road, caused us to choosc for our passenger 
unit a locomotive, the normal capacity of which was 1000 h.p. 
at the rim of the locomotive wheels, and this size in practice 
has borne out our estimate of the capacity required. It may, 
therefore, be said that for trunk line conditions of the character 
that obtain on the New Haven Road, a locomotive unit capable 
of multiple unit operation and of 1000 h.p. continuous capacity, 
is the proper selection of unit size. 


THE STEAM FREIGHT LOCOMOTIVE 

Studying the freight engine requirements of а trunk line, 
from a steam locomotive point of view, I had conducted a series 
of tests on typical freight (or road) engines, the runs being over 
a distance of 55% miles, and in this case trains in the regular log 
of the New Haven operation, varying in weights between 720 
and 1500 tons, including weight of engine, were used. 

Figs. 13, 14, 15 and 16 show east and west opcration of trains 
in the vicinity of 1000 tons, and typify the average runs of trains; 
these figures show cut-off, boiler pressure, speed and miles per 
hour, indicated horse power—besides giving other data with 
reference to the class of engine, size of cylinders, weights, etc. 

Table 1 shows the summation of ten tests, giving grand 
averages for the ten runs. 

It is interesting to note in these figures that the average 
evaporation of water per pound of coal 1$ 6.9; also to note т the 
runs indicated on Fig. 13 to 16, inclusive, that the average 1n- 
dicated horse power varies from 655 minimum to 892 maximum; 
the average speed varying from 23.5 miles per hour minimum to 
31.5 miles per hour maximum. 

The electrical locomotive we have designed to handle our gen- 
eral class of freight service, or what could be correctly called our 
electric freight road engine, has a normal horse power rating of 
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approximately 1400 h.p. This capacity provides a margin 
above the requirements indicated in the recorded tests as shown 
in Figs. 13, 14, 15 and 16. The excess capacity, however, is 
highly desirable in virtue of it affording the electric locomotive 
an opportunity to operate heavicr trains and at a higher schedule 
speed than the steam locomotive it replaces. 

Fig. 17 shows the motor characteristics of our electric road 
freight engine O71, and Fig. 18 is a record of tests made on 


25 cycle railway motor. 
300 volts, 1000 amperes. 
Continuous capacity ЗОО volts. 930 amperes. 
Gear ratio 84:79 (11 D. РӘ wheels 63”. 
Forced ventilation. 
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Fic. 17.—Speed torque characteristics “071” 


locomotive 071 operating оп №. У. №. H. & H. rails between 
Stamford and New Rochelle, hauling a dead steam locomotive 
with thirty-seven freight cars and caboose 
train being 1438 tons. It is to be noted that data on this test 
is inclusive of voltage applicd to motors, amperes, total kilowatts 
and speed. 

It is of interest to note that the average speed over a distance 
of 1675 miles was 36.5 miles an hour; the average kilowatt input 
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being 1,487 kw. with an average rim horse power at the drivers 
of 1650 h.p., and notwithstanding the locomotive was dragging a 
dead engine throughout this run, it accomplished the work at an 
average energy rate of 25.9 watt-hours per ton-mile. 

Not uninteresting is the flexibility offered by the electric over 
a steam locomotive, in noting that its limitation of service is not 
absolutely confined to one class. Fig. 19 is a record of the same 
locomotive (071) making a local schedule in passenger service 
handling a total train weight of 500 tons; and notwithstanding 
the high ratio of the time of acceleration to total time of 


Test No. 1-A 
Harlem River Yard, April 8, 1910, 
Water used, 38,600 Ib. 
Anthracite coal used, 5540 11. 
Apparent evaporation, 6.98 Ib. 
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Fic. 20.—-Water and coal consumption on switch engine 


schedule, it is to be noted that the watt-hours per ton-mile were 
under 60. 
THE STEAM LOCOMOTIVE SWITCHER 

By far the most interesting investigation of the four types 
of steam engines employed in trunk line service was that of the 
steam switching locomotive, and a careful insight into its daily 
work revealed characteristics most surprising to the writer. 
In the many yards of the New Haven lines none afforded a better 
Opportunity to study this type of engine than at Harlem River, 
where the duty imposed upon the switching locomotive, beside 
that of classification, included also float work, calling into account 
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the necessity of heavy drafts of power and sustained for periods 
longer than usual to other switching yards; but even with 
this additional duty to perform, the relatively small amount of 
energy required for this work vielded, as before stated, a great 
surprise. From April 8th to April 29th, 1910 inclusive, careful 
observations for twelve days of switching movements were made 
on our switch engine 2,392; nine days of which were in the 
Harlem River yard and three in the Oak Point yard. The log 
sheets of tests include reading of water meters taken at frequent 
intervals, average boiler pressure, time throttle open, time 
engine in motion or standing, total cars handled, notation of 
loads and empties. Space permitting, complete detail data 


Test No. 4-A 
Harlem River Yard, April 13, 1910. 
Water used, 37.200 Ib. 
Anthracite coal used, 5,700 Ib. 
Apparent evaporation, 6.53 Ib. 
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Fic. 21.—Water and coal consumption on switch engine 


sheets of the twelve davs'.record would be included. I have 
taken, however, four of these data shects with their respective 
curves plotted for water consumption, and again 1t is to be noted 
how verv closcly the data sheets and curves check one another. 
Careful measurements of coal weights were made, in order to 
sccure the resulting rate of evaporation which is given, and 
is noted to approximate seven pounds of water per pound 
of coal. 

As an interesting record of the practical method of coaling a 
switching locomotive for an eight-hour shift, herewith are quoted 
the words of the engineer in his report with reference to these 
tests: 

" About a half hour before going to work each morning the 
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tank was loaded with 8000 1b. of hard coal. - The engine was 
then taken to the pit and fire cleaned, and a new fire of coal 
built in her. To build this first fire required about 2,500 1b. 
of coal, and the engine worked on it for about three hours. At 
the end of three hours the grates were shaken and the fire 
dressed and built up with about 1500 Ib. more coal. This second 
fire lasted about two hours, and at the end of that time the 
grates were again shaken, fire dressed and the third and last 
fire built. This required about 1500 Ib. and lasted until the 
finish of the eight hours’ work. 


Test No. 8-A А 
Harlem River Yard, April 21, 1910. 
Water used, 38,700 lb. 
Anthracite coal used, 5,450 lb. 
Apparent evaporation, 7.10 lb. 
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Fic. 22.—Water and coal consumption on switch engine 


" After the day's work was completed the engine was taken to 
the house with coal remaining on her, and enough coal left in 
the tank to keep the fire until the next morning when the engine 
went to the pit to have fire cleaned and built up for the day's 
work ”. 

It would be to go ahead of our story to speak of an electric 
switcher here, but does not the above described operation suggest 
1t? 

Again, space does not offer the opportunity to discuss the 
hourly movement of the engine іп the yard. One brief para- 
graph from the testing engineer's report will suffice: 
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" When not pulling and loading floats the engine was em- 
ployed making up trains to load floats, and doing other mis- 
ccllaneous work ”. 

Not uninteresting, too, 1s the closing paragraph of his report, 
which quoted 1s as follows: 

“ On following the work of engines, опе is forced to the con- 
clusion that the ratio of weight to tractive effort is toolow. This 
may be due to poor trackage, road-bed, etc., but even with 
sanded rails and all other conditions available the engines are 
inclined to slip, thus losing time in accelerating. This is а bad 
fault in a switching locomotive, and especially bad їп such vards 


Test No. 2-B 
Oak Point Yard, April 28, 1910 
Water used, 35.590 Ib. 
Anthracite coal uscd, 
Apparent evaporation, 
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Fic. 23.— Water and coal consumption on switch engine 


as Harlem River and Oak Point, for since the speed is limited 
and the coupling, uncoupling, connecting air, etc., can be only 
done so rapidly, the only method of increasing the amount of 
work done 15 to increase the accelerating power of the engine 
used ". There 15, of course, this much to be taken into con- 
sideration—that the more constant torque of an electric locomo- 
tive accelerating a drawbar pull would have less tendency to 
slip than a steam locomotive accelerating that same pull. 

Tables 2, 3, 4 and 5 and curves Figs. 20, 21, 22 and 23, for 
April 8, 13, 21 and 28, which, by the way, were taken at random 
show operating data as follows: 
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TABLE 2. 
LOG OF TEST NO 1-A 
HARLEM RIVER YARD ENGINE NO. 2392 APRIL 8, 1910 
Engine Engine Total | 
Avg. Throttle in Stand- cars Water 
boiler open motion ing handled | Water | rate lb. 
Time press M. 5. M. S. М... SL. E. Ib. per hour 
8:00 8:13 200.0 3 0 8 0 5 0 3 0 561.86 11,240 
8:13 8:28 | 200.0 6 35 12 40 2 20 3 4 936.3 8,530 
8:28 8:42 191.7 5 20 9 25 4 35 6 6 811.5 9.130 
8:42 8:53 201.0 5 45 8 25 2 35 31 10! 1935.0 20,190 
8:53 9:10 197.5 , 5 50 9 25 7 35 2 3 811.5 8,350 
9:10 9:23 196.7 6 35 10 10 2 50 16 0 | 1748.0 15,930 . 
9:23 9:41 2000 4 30 5 0.13 0 Note | 749.0 9,990 | 
9:41 10:13 198.0, 9 35 15 30116 30 23 О | 1810.0 11,330 | 
10:13 10:31 196.3 ! 8 30 10 10' 7 50 61 0 2184.0 15,420 © 
10:31 10:51 190.0 12 40 18 10 1 50 28 35 2497.0 11,530 , 
10:51 10:55 195.0 1 15 2 25 1 35 3 0 374.6 17,980 
10:55 11:14 | 202.0 8 30 14 35 4 25. 17 12 1748.0 | 12,340 : 
11:14 11:27 202.5 3 1514 30 8 30 6 6 621.0 11,520 
11:27 11:40 201.0 8 00! 9 0 4 0 19 13 2247.0: 16,850 
11:40 12:02 200.0. 6 55 1 35 10 25 52 0 1997.0 17,320 
12:02 12:15 201.7 3 10 5 45 7 15 17 0 1061.0 20,110 
12:15 12:38 197.5 7 32 12 О 11 0 66 О 1311.0 9,940 
12:38 12:58 199.0 8 О 12 50 | 7 10 15 57 1873.0 14,050 
12:58 1:36. 200.8 6 35 | 13 45 | 24 15 ‚ 53 0 2747.0 | 25,030 
1:36 1:53 200.0 3 20! 7 10 | 9 50 23 О 1248.0. 22,470 
1:53 2:01 200.0 6 0' 6 50 1 10 40 0 936.0 | 9.360 
2:01 2:15 196.7 5 10 | 8 2 5 35 14 1 1186.0 13,770 
2:15 2:34 | 200.0 4 50 7 50 11 10 20 О 1436.0 | 17,820 
2:34 2:42 197.5 2 10 3 40 4 20 15 О 749.0 ' 20,740 
2:42 2:56 | 201.3 3 30 8 45 5 15 29 0! 1623.0 27,820 
2:56 3:20 | 200.0 5 35 10 55.13 5 26 0 1436.0 15,430 
3:20 3:35 1917 7 10 11 201 3 40.24 0 1935.0 16,200 
| | 
Note—Pull саг оп track. 
Total length of time of 8МїЙ{........................ 7 hr. 35 min. 
Total time throttle ореп........................... 2 hr. 40 min. or 35% of total 
Total time engine іп шпойоп......................... 4 hr. 18 min. or 57° % of total 
Total time engine віапдіпр......................... З hr. 17 min. ог 435% of total 
Total water чвей..................................3З8,600 1b. 
Total anthracite coal бгей.......................... 5,540 Ib. 
App. еуарогабоп.................................. 6.98 lb. of water 


Average rate of water used per hour, figured from water used and time throttle open 


between water readings, 14,500 Ib. of water. 
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TABLE 3. 
LOG OF TEST NO. 4-A 
HARLEM RIVER YARD. ENGINE 2392. APRIL 13, 1910. 
| | 
‚ Engine Engine Total 
Avg. Throttle | in Stand- cars Water 
boiler open motion ing ' handled | Water ‚ rate Ib. 
Time press |М. 6. М. L. E. Ib. ‚рег hour 


a 


Nn 
1 > 
іміз 
Uu» 


TEE ДАР 
7:20 7:48 2025] 9 25 17 0 | 11 0 | 22 14 687 4,380 
7:48 7:57 195.0; 4 о 8 45 15, 8 10 1061 | 15,910 
7:57 8:14 199.3! 8 55 12 45| 4 15196 27 | 1997 | 13,440 
8:14 8:35 | 198.3] 6 25 12 45! 8 15 | 32 3| 1311 | 12,260 
8:35 8:40  200.0| 2 15 2 40,2 20; 9 7 874 ! 23,300 
8:40 8:56, 2000| 5 25 10 55| 5 5|21 13| 1124 | 13,560 
8:56 916 290951 3 о 4 55 15 5,18 2! 1061 | 21,220 
9:16 9:24 195.0; 5 30 6 10| 1 50 | 38 2) 1248 | 13,610 
9:24 943! 191.3110 50'14 45 4 151 25 36 | 1685 9.330 
9:43 9:57 | 198815 50,11 40| 2 20/17 23| 1124 | 11,560 
9:57 10:16 | 201.0! 9 45115 15! 3 45 |31 20! 1623 | 9,990 
10:16 10:32 | 200.0] 5 45 12 0| 4 0| 7 9! 2122 | 22,140 
10:32 10:45 | 202.5 | 4 0 8 10| 4 50| 9 5 687 | 10,310 
10:45 11:19 | 2617 14 20 | 25 50 8 10|26 17 2746 | 11,490 
11:9 11:26 | 195.0 4 30 | 16 10 1 0| 4 1 437 5,830 
11:26 11:48 | 195.0 9 45 19 15 2 45/26 19 1623 9,990 
11:48 12:09 | 200.0 6 20 8 10 12 50113 11 1436 | 13,600 
12:09 12:25 199.0 7 10 ; 11 20 4 40,20 29 118 9,930 
12:25 12:40 | 200.0 7 40 | 11 15 3 45/12 5 624 4,880 
12:40 12:56 195.0 6 £50! 9 15 6 45| 49 5 1373 | 12,060 
12:56 1:15 | 1925 8 50,14 20 4 40/18 12, 1560 | 10,600 
1:15 1:34 | 196.3 8 5115. 15, 3 45 | 26 22 1248 9,260 
1:34 1:49 1925 6 10;10 35 | 4 95|14 15. 936 9,110 
1:49 2:00 | 2000 4 20 | 5 25, 5 35| 9 7 1061 | 14,690 
2:00 2:08 | 2000 5 10! 6 15, 1 45| 9 7 562 6.530 
2:08 2:34 | 193.8 5 35110 5 15 55 | 22 4 1311 | 14,100 
| 2:34 2:53 | 191.3 8 50 14 15: 4 45139 4 1935 | 13,020 
' 2:53 3:06 | 202.5 2 55! 6 516 55| 3 5 749 | 15,410 
' 3:06 3:20 | 197.5 7 45 | 10 10 3 50,24 35 1810 | 14,010 
| 
Total length of time of вҺ1Ң........................ 8 hr. O min. 
Total time throttle ореп........................... З hr. 15 min. ог 40.6° of total 
Total time engine іп тойоп........................ 5 hr. 21 min. or 66.9% of total 
Total time engine ббапдіпр......................... 2 hr. 39 min. ог 33.1% of total 
Total Water чшзей.................................. 37,265 lb. 
Total anthracite coal Ягей.......................... 5,500 1b. 
Approximate еуарогабоп........................... 6.53 Ib. of water. 


Average rate of water used pcr hour, figured from water used and time throttle open 


between water readings— 11,400 lb. of water. 
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TABLE 4. 
LOG ОЕ TEST NO. 8-А 
HARLEM RIVER YARD. ENGINE 2392. APRIL 21, 1910. 
| TUR ЕБЕ аа | ЕЕ = СИН 
| Engine Engine Total 
Avg. Throttle in ^ Stand- cars Water ` 
‚ boiler open motion | ing handled Water rate lb. | 
Типе press |М. 5. М. 5. М. S. L. Е. lb. рег hour! 
| 1 
M" 
4:30 8:03 195.0 | 10 50 | 19 45 13 15 11 20 1498 83,000 ' 
8:03 $22 19501 8 15 14 5 4 55 46 5 1685 12,750 | 
8:22 8:42 | 200.0 7 10 ; 14 15 5 45 12 9 1498 12,540 
8:42 8:58 202.5 2 35, 4 40.11 20 4 2 1311 30.490 
8:58 9:16 189.0) 11 20| 14 35 з 25 20 38 1973 ' 9,920 | 
9:16 9:45 | 1900, 3 25| 6 50/92 10' 2 2 1748 | 30,660 
9:45 10:01 196.7 5 10 | 15 30 0 30 | 9 9 1124 13,050 
10:01 10:17 , 197.0 8 15 | 13 25, 2 35 57 5 1248 9,080 
10:17 10:36 197.5 9 О | 14 20 4 40 16 18 1873 12,490 
10:36 10:48 193.3 5 25 | 10 30 ] 30 | 18 24 1186 13,140 
10:48 11:09 190.0 8 5 | 12 45 8 15 57 5 1810 13,410 
11:09 11:24 195.0 4 5 8 15 6 45; 6 2 624 9,180 
11:24 11:45 192.0 9 0| 15 101 5 50 53 5 2247 | 14,980 
11:45 12:06 194.0 13 35 | 16 35 4 25 | 24 37 1935 8,550 — 
12:06 12:24 197.5. 4 45 9 30 8 20, 5 2 2310 29,150: 
12:24 12:54 | 193.3 12 40 | 24 10 5 50 11 4 1873 | 8,870 | 
12:54 1:13 | 192.5, 4 45110 50 8 10; 9 14 81 10250 | 
1:13 1:34 i 190.0 7 10 | 13 55 7 5 7 11 1561 13,070 
1:34 1:51' 192.5 7 15|14 25 2 35| 6 18 1498 ! 12,400 | 
1:51 2:09 | 197.5 2 15| 3 50 14 10: 7 2 1311 34,960 | 
| 2:09 2:46 197.0 12 10 | 22 10 14 50 29 5 3870 19,080 
2:16 3:05 195.0 6 25 | 12 40 6 . 20 19 4 1498 13,990 
3:05 3:20 | 192.5 7 15 | 13 20 1 40 25 49 1685 13,045 
3:20 3:30 | 187.5 4 20 6 30 3 30 4 2 624 8,640 
NOR : NT | | 
Total length of time of 8Һ161........................ 8 hr. O min. 
Total time throttle ореп........................... 2 hr. 55 min. or 36.575 of total 
Total time engine іп тобоп......................... 5 hr. 12 min. or 65.0°% of total 
Total time engine візпійіпр.......................... 2 hr. 48 mia. or 35.05 of total 
Total water зед yii su uu rk Ы eer OW Ib: 
Total anthracite coal Ягей.......................... 5,450 Ib. 
Approximate еуарогабоп........................... 7.10 Ib. 


Average rate of water used per hour, figured from water used and time throttle open 


between water readings—12,060 lb. of water. 
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TABLE 5. 
LOG OF TEST NO. 2-B 
OAK POINT YARD. ENGINE 2392. APRIL 28, 1910 
| | | 
Engine Engine ‚| Total 
Avg. Throttle in | Stand- cars | Water 
| boiler open motion ing handled Water rate lb. 
Time | press |M. S. M. S. M. S. L. E.l lb. per hour 
| | | -- 
6:54 7:11 198 7 10 11 55 5 5 24 35, 874 7,320 
7:11 744. 191.7) 4 40 9 5|23 55 3 6! 1436 18,460 
7:44 7:59 157. 227 30 | 11 29-1 3 35 53 18! 1561 12.490 
7:59 8:10 , 176 5 0 9 40 1 20 10 17 574 10,490 
8:10 8:22 150. 5 10 7 0 5 O | 10 13 | 1561 | 18,120 
8:22 8:44 191. 7 45. 15 5 6 55 | 44 6 | 2497 19.330 
8:44 9:01 185. 7 5 12 40 4 20 | 29 35 1748 14,810 
9:01 9:24 188. 10 35 18 25 4 35 | 16 25 1436 8,140 
9:24 9:45 101. 2 40 | 5 20 : 15 40 | 22 3 936 21.060 
9:45 10:08 190. 7 10 , 10 30 i 12 30 | 22 3 2185 15,290 
10:08 10:20 196 2 ! 7,610 | 
10:20 10:48 193. 7 40 | 14 30 , 13 40 0 3 2060 16,120 | 


| 

| H 3 | 

25 9 30; 2 30) 15 35| 687 
E 3 
| 


оолосхкочасвососалхсссасо-о-ао о 


10:48 11:10 177 10 45 16 40 5 20 | 30 16 2247 12,540 
11:10 11:30 182 11 20 19 20 0 40 | 18 28 1498 7.930 
11:30 11:45 195 3 45 | 9 515 55 8 3 1373 21,970 
11:45 11:29 180 10 10 13 45 0 15148 21 1561 | 9,210 
11:20 12:18 181 6 15 12 5 6 55 2 10 1156 11,390 
12:18 12:33 186. 6 15 12 25 2 35 | 11 13 2034 | 28,170 
12:33 12:52 173 11 15 15 30 3 10 | 10 20 1810 | 9,650 
12:52 1:32 190. 7 39 15 0 25 0 0 6 1061 8,190 
1:32 2:05 190. S 10 12 32 30 25 3 8 449 ! 5,50 
2:05 2:20 187. 7 10 10 40 4 20 3 6 874 | 7,320 
2:20 2:35 198. 4 0 7 20 7 40 4 8 1373 . 20,600 
2:35 2:52 200. 7 о 12 30 4 30 10 15 1373 | 11,770 
_ in thy кеек ee, бы ees 
Total length of shift......0....0.. 7 hr. 58 min. 
Total time throttle ореп.......... 2 hr. 51 min. or 32.86) of total time. 
Total time engine іп motion...... .4 hr. 52 min. ог 61.15 of total time. 
Total time engine standing........: З hr. 6 min. or 38.96; of total time. 
Total water чвей................ 35,890 Ib. 


Average rate of water used per hour, figured from water used and time throttle open 
between water rcadings—12,570 Ib. of water. 


It is interesting to note the following averages 


1. Total time of throttle ореп.................86.7 percent 
2. Total time engine іп motion................62.65 per cent 
3. Total time engine ап тя. ................37.5 percent 
4. Rate of water used per hour...............12683 Db. 
5. Total water used—7.5 hours....... . . 8706003 Tb. 


Bv these figures and the curves plated s we are able to get a 
close approximation of the average cnergy required to be de- 
livered to the drivers of a switching engine, and what its тпахі- 
mum requirements are. Particularly interesting is the water 
rate of 12.633 Ib. Assuming 40 №. of water evaporated per 


— 
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horse-power-hour, which is probably much lower than the 
actual, it is seen that the average horse power during the time 
the throttle 1s open is approximately 313 h.p.; but it is noted that 
the engine is developing power for only 36.7 per cent of the time, 
and thus the average energy developed during the hour is ap- 
proximatelv 115 h.p. Тһе reduction of the energv developed 
bv a switching engine to an average of 115 h.p. has been some- 
thing of a revelation to the writer, and the two most important 
things it suggests are: 

1. That in switching, yard speeds can be greatlv increased 
by the use of an electric switcher of very much less engine са- 
pacity than that used in the steam switcher. 

2. On account of the low average rate of energy required for 
their operation, a central power station will deliver at far higher 
efficiency the power necessary to the electric switching engine, 
than that obtained from the power plant individual to the steam 
switching engine itsclf. 

Immediate application of this statement 15 seen in the ratio 
of the pounds of coal burned to the number of horse power 
hours developed, which is seen to be 6.4. Increasing this by 
the coal burned during the idle hours of the engine, this ratio 
approximates 8. It has been demonstrated, that the ratio 
between the coal burned for operating passenger trains by elec- 
tric, rather than steam locomotives, is 1 to 2. In the case of 
switching engines this rate is much greater; a figure of 1 to 3 
being conservative. 


STATISTICAL RECORD OF SINGLE-PHASE TRUNK LINE 
OPERATION 

In the paper subjected “ The Log of the New Haven Elec- 
trification ", presented before the A.I.E.E., bv the writer in 
Decentber, 1908, there was given a table of train minute delays 
with their causes and a set of graphical charts supplementing 
them, which gave a very fair idea of the general character of the 
service resulting in the early days of operation shortly after the 
construction had been sufficiently advanced to permit a trial of 
full operation between Stamford and New York City. 

In Figs. 24, 25, 26, 27, 28 and 29, herewith, are given similar 
data for operation covering a consecutive period of six months— 
one year later; the service having by that time settled down to 
something of а more commercial character. 

For the sake of comparison, it is interesting to place these 
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tables and charts of six months’ operation in proximity to each 
other. The tables of train minute delays for 1908 and for 1909 
are therefore presented in the same illustrations, each with the 
same scale. 


Individual and collective train-minute delays between New York and Stamford 
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Fic. 24.—Train minute delays, July 1908-1909 


Individual and collective train-minute delays between New York and Stamford 
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Fic. 25.—Train minute delays, August 1908-1909 


Reproduced charts. are inclusive of train minute dclays over 
ЗОО minutes; which, for the reasons explained, were omitted by 
the author in his original paper. 
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The most interesting thing to note in these tables of more 
recent operation is the disappearance of delays, with the ex- 
ception of one amounting to over 300 train minutes. The total 
train minute delays for the six months’ consecutive operation in 


Individual and collective train-minute delays between New York and Stamford 
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Fic. 27.—Train minute delays, October 1908-1909 


1908 wcre 10,373 train minutes; and summing up the train 
minute delays for the six months’ consecutive operation in 1909 
we find the train minute delays to be 2,076. Thus, the train 
minute delays for the six months of 1909 were one-fifth of the 
train minute delays for 1908. 
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In the summation sheet shown in Fig. 30 it is interesting 
to note as a more intimate acquaintance with the system’s 
characteristics and a better knowledge of the details that needed 
correction or change were impressed upon us in the regular log 
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of operation, the train minute delays steadily decreased, with 
the exception of one month (in October 1908) іп which, as brought 
out in the author's previous paper, there was a serious power 
house delay, due to the explosion of an oil switch. The delays 
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as shown in the same figure for the six months of the vear 
following show the system's stability of operation, and this was 
anticipated by those who had not composed its obituary in the 
early days of its first trial. 

The author has been criticized by his engineering friends for 
having written the сагПег paper at a time when so poor a record 
of operation would have to be shown; but it was his thought at 
the time that no harm could possibly be done by a revelation of 
the facts, and it was his estimate at that time that the criticism 
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Fic. 30.— Tabular summation of train delays 


would be dissolved in the consideration of the actual facts that 
were contributary to the cause of the service rendered, and that 
later possibly such an opportunity as 1s now presented would 
arrive, when the justification of this stand could be sustained. 
Therefore, this record of operation one year after that presented 
in the original paper, is not offered in any sense as a proof of 
the reliability of service that can be produced by the single-phase 
system of train operation. This fact has been too plainly evi- 
dent. by the consensus of opinion expressed in the public and 
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technical press, indicating the satisfaction of the travelling pub- 
lic who have to use the New Haven electrification in their 
business. It is to be confessed by the author, however, that 
there is some personal satisfaction involved in making this in- 
vidious comparison between trial and practical operation, in 
recalling that some of my friendlv sceptics had to say about our 
system, but in the same breath let me say that this is offered in 
no feelings of rancor or unfriendliness; on the contrary, this 
record of operation 1s presented with the hope that it may turn 
the thoughts of those former friends into the path, which before 
seemed such a difficult one in which to tread, the simplicity of 
which, after the first blare of false alarms is over, must now come 
into bold relief. 

A comparison of the 1909 to the 1908 train minute delays is 
immediately indicative of the fact that even in this short time 
the disturbing factors of the system had disclosed themselves 
and had been eliminated. Eighteen months after commercial 
service was inaugurated our clectrical failure report shows a 
record of over 15,700 miles per engine failure. Between the 
2d and 23d of November, 1909, 66,000 electric locomotive 
miles were run off; and this mileage, which is approxi- 
mately eleven round-trips from New York to San Francisco, was 
accomplished with a total of three minutes' delay. This kind of 
record 15 the ground upon which the Board of Directors of the 
New Haven road stood in ratifying the system and voting an 
extension to apply to all service—freight and passenger, inclusive 
of yards, terminals and main line west of Stamford. 

These same cightcen months have yielded an abundance of 
new information concerning the characteristics of the system, 
inclusive of power house, line and locomotives. Though all of 
these departments contributed their share of train delays in our 
initial operation, the unlooked for troubles, which while not 
in any way fundamentally attacking the principles of the 
system, reflected upon it, for traffic delays are always a great 
factor in the public estimate, and have sometimes been 
misapplied as arguments against the system by those who 
should have discriminated between the incidental and the 
fundamental. 

Comparison between Electric and Steam Operation. In Fig. 31 
is an interesting relation between failures for trunk line service 
of electric vs. steam operation. As is to be noted in the lower 
diagram of the figure, the power house failures in its effect on 
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engine mileage is practically nil. On account of the severe 
handicap that has been placed on the line by steam locomotive 
stack discharges directly beneath it, a number of failures per 
100,000 engine miles are recorded. An elimination of the steam 
service under the electrified wires will greatly reduce, if not en- 
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Fic. 31.—Relation engine mileage to failure 


tirely eliminate, failures due to this part of the electrical system. 
In the upper diagram of the figure is shown the relation of elec- 
tric engine mileage per failure vs. steam mileage. It is to be 
noted in this that the electric locomotive failures are nine per 
100,000 electric engine miles, while the steam, which is an average 
figure for all of the divisions of the New Haven, 15 21. Thus, 
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the electric locomotive service is 133 per cent better than the 
steam. | 
POWER HOUSE | 

The power house of а single-phase system does not differ 
essentially from the power house which generates high-voltage 
three-phase current for distribution to substations where it is 
converted for direct-current car propulsion, except that greater 
care should be taken to include higher factors of insulation, due 
to one phase being grounded. In case of the before-mentioned 
system, as none of the phases are grounded (even at times a 
ground on the neutral of star-wound generators being omitted) 
the failure of an insulator does not produce as severe a short 
circuit (if апу) as that produced іп the case of the single-phase 
grounded system. А simple expedient, however, has been de- 
vised to alleviate this effect by the introduction of impedance 
in the leads of the single-phase generators, which confines the 
short-circuiting stresses within the windings of the generating 
equipment to figures well within proper safety factors. Indeed, 
many of the large capacity power and lighting companies are 
taking up the matter of the installation of impedance coils for 
their ungrounded svstems—a step which seems to me wise. 

Our experience with three-phase generators indicates that their 
choice, ав against single-phase, is the proper one. The three- 
phase star winding offers at all times a spare leg in any of the 
generators, in the event of any trouble with the two other legs; 
and at the same time permits simultaneous supply of current 
from the same gencrating system for the operation of either 
three-phase or single-phase apparatus. In the case of the Cos 
Cob station, this 1s instanced in the fact that we are supplying 
three-phase current for our Greenwich lighting plant and are 
now arranging for the supply of power for the operation of sub- 
stations at White Plains, Mamaroneck, Portchester, Stamford, 
South Norwalk and Bridgeport; in which substations there 
will be operated motor-generator or synchronous converter out- 
fits for the supply of direct current for railway purposes at the 
above mentioned places. 

By the installation of copper-clad rotating ficlds in our gen- 
erators, the unbalanced voltage between phases is reduced to a 
minimum, and such as remains 15 casily compensated for by 
arrangement of transformer taps in the substations reducing tbe 
three-phase current from high to low voltage for motor or syn- 
chronous converter application. 


VAR ШС 
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DISTRIBUTION SYSTEM 

As indicated in the general wiring diagram of the system, 
Fig. 32, this is a unit system comprehending the main line of the 
New York New Haven & Hartford road between Stamford and ` 
Woodlawn, the six-track Harlem River freight and passenger 
connection from New Rochelle to the Harlem River Termi- 
nal, New York City and the New York, Westchester and 
Boston line running from the West Farms connection to 
the Harlem River Branch up to White Plains, N. Y. |t 
-is seen that throughout this extensive arca, embracing in all 
over 300 miles of single track, there 1s not a single substation 
and no electrical pressure higher than 11,000 volts is used. Itis 
further to be noted that all of the copper installed over the 
tracks just above the steel contact wire 1s in the same phase 
unaugmented by any feeders other than the by-pass wires in- 
stalled on the lower cross-arms of the catenary posts to permit 
sectionalization of anchor bridges. 

Of interest, also, is the very successful control system common 
to all of the sectionalizing breakers throughout this triple ar- 
rangement of distribution, the function of which is to insure a 
reliable selective action of circuit breakers to confine any line 
trouble to its specific locality, and thus making immune all other 
parts of the line. Briefly described, the control consists of a 
single wire, upon which 1s impressed the normal voltage of the 
system when a short circuit occurs &4nywhere, but not until the 
automatic resistance at the power station has been cut in series 
with the line; at which moment the control wire through trans- 
formers passes current through the tripping coils of the sec- 
tionalizing breakers, and the two breakers that are directly feed- 
ing the short circuit are immediately opened. The resistance, 
thus inserted, however, has reduced the short-circuiting current 
to a minimum and relieved greatly the duty of the opening 
breakers. The resistance scheme above mentioned, has proved 
itself to be a most valuable acquisition to the system, serving 
at once to lessen the duty on both generating and distributing 
apparatus. 

The Reach of System. In Fig. 33 is shown the route arrange- 
ment of the three combined main lines—the New York New 
Haven and Hartford, the New York Westchester & Boston and 
the Harlem River Branch. 

In the aforementioned, the first comprises a route of four 
tracks, the second a combination of four and two tracks, and the 
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third six tracks. Depending upon the number of tracks, there 
is provided always a varying conducting capacity of the over 
head wires and return rails. Throughout there is installed over 
each track one 4/0 copper conducting wire and one 4/0 steel 
contact wire; the latter suspended from the former by metallic 
clips. For future calculations it is essentially necessary to note 
the transmission characteristics of the overhead and track cir- 
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Fic. 34.—Constants for two-track equipment 


cuits, and to that end a very careful investigation was made to 
determine the constants of resistance of overhead wires and rail 
return, their individual and mutual reactance and the resultant 
Impedance of these two right-angular drop-producing com- 
ponents. 

The constants were worked out for two, four and six tracks 
and the curves of Figs. 34, 35 and 36 are the graphical result of 
the investigation. 
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It is interesting to note what the maximum drop on the 
system may be for conditions of peak load, and applying the 
constants as given by the curves it is seen that under maximum 
supply of power from Cos Cob station (during the 5:30 afternoon 
suburban load peak) the voltage at Harlem River Station, which 
is 25.6 miles from Cos Cob, 15 9,151 volts—entirely sufficient to 
maintain all passenger and freight trains on schedule and to 
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furnish at the same time the necessary power to switching engines 
doing duty on 100 miles of classification and switching yard 
tracks, which are a part of the Harlem River Branch electrifica- 
tion, and which are located most remotely from the power 
house. 

Here, therefore, we өсе on a great scale history repeating 
itself, for it has ever been true where a large quantity of power 
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and distance of transmission are combined, alternating current 
has been the chosen agent of transfer. 

Voltage Regulation. The maximum conditions of peak load 
obtain on the so-called “ Football Day " (when Yale University 
plays either Princeton or Harvard at New Haven). On No- 
vember 19, 1910 the maximum peak at the power house for this 
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day was 16,000 kw. Fig. 37 gives an all-day voltage chart 
showing synchronous clock-recording voltmeters registering the 
potential in three places—the power house, Mamaroneck tower 
and Mt. Vernon Tower; the latter being the junction of the New 
Haven with the New York Central Electrification (18 miles from 
the New Haven Power Station). In the morning hours the 
trains are dispatched to New Haven with a considerable more 
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headway than the same returning trains at night. This is 
indicated by the heavier drop in voltage due to the concentra- 
tion of the evening load between the hours of 5:00 and 9:00. It 
is thus seen that the maximum line drop for this extraordinary 
day at the end of the line is 14 per cent; that the average drop 
at the end of the line is 4 per cent. Taking 75 per cent of this 
average drop at the епа of the line for the general transmission 
of power to locomotives over the complete distributing system, 
it is seen that the average line loss for this maximum day was 
practically 3 per cent. 

otorage batteries for trunk line electrifications are not eco- 
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nomical. "This 18 true whether the propulsion current be di- 
rect or alternating. It is true that the storage battery docs 
smooth out the power station load and lowers the rate of cost of 
producing a kilowatt-hour, but the thing that concerns us quite 
as much as the rate of cost is thc total amount of kilowatt-hours 
manufactured in payment for the luxurv of the batterv. А train 
service requires a certain number of kilowatt-hours. А plant 
producing these kilowatt-hours will be required to manufacture 
more energv with than without a battery on its distributing 
system. 

In general it may be stated that more kilowatt-hours means 
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more coal, if the efficiency of generation is the same. As a 
matter of fact, the efficiency of electric energy production 15 
higher with than without the battery, on account of the greater 
constancy of load for the former conditions, but the difference 
15 $0 small that it is, at least for trunk line conditions, offset by 
the increase of output required and the cost of maintenance of 
the battery. On account of the established reliability of gen- 
erating equipment the argument for the use of a storage battery 
for the supply of power in the event of power station breakdown 
is now no longer one of serious consideration, and so I think it 
is of interest to note the passing of the storage battery thcory; 
at least in as far as its application to trunk line conditions is 
concerned. 

In this connection should be noted the great importance 
of the added freight and switching loads in improving the station 
load factor, due both to the physical exclusion of freight trains 
from main tracks during the hours of passenger peaks and to 
the latitude of operation afforded in fixing freight schedules; thus 
discharging the functions of a battery, while escaping the penal- 
ties of battery losses and maintenance charges. Bearing di- 
rectly on this point I quote from Mr. McHenry's report to the 
Commission appointed by the Massachusetts State Legislature 
to consider the subject of electrification within the Metropolitan 
District of Boston as follows: 

Power stations if provided for passenger requirements only, will have a 
large unused capacity between the hours of peak load, which otherwise 
could be utilized to very good advantage for the transportation of freight, 
and more particularly as the occupation of tracks by passenger trains 
during the hours of peak load acts automaticallv to limit the simultaneous 
operation of freight trains at such times. Thus, little or no additional 
investment іп power houses is required to freight operation, and similarly 
the overhead track equipment serves equally well for both passenger and 
freight traffic, which makes it practicable to extend electric operation 
to include all classes of service at the cost of only the additional engines 
and the equipment of yard trackage required for freight service. 

It therefore seems quite safe to conclude that no general substitution of 
electric for steam traction should be made unless the substitution is 
complete, including passenger and freight operation and yard switching 
in addition, and also that in making such substitution the operation should 
be extended to include the full length of run or engine district, in order to 
avoid the uneconomical subdivision of the present '' train runs ”, together 
with the added expense and delays incident to intermediate engine 
transfer stations. 

Insulation. There are points in the overhead system where 
the factor of insulation should be higher than at others. Prac- 
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tice has shown the wisdom of sectionalizing the lines at cross- 
overs. At these points it is necessary to bring the electrical 
catenary cables to a dead end and anchor bridges are supplied 
for that purpose. ОП switches must be provided for cutting in 
or out, as necessity may require, voltage on the lines thus 
dead-ended. In the order of their higher degree of insulation, 
requirements, I would mention: 

1. Sectionalizing switches 

2. Sectionalizing bus-bars. 


3. Dead-end catenary insulators. 
4. Intermediate catenary insulators. 


As can be seen in the wiring diagram of the system Fig. 32 the 
whole track system leads into the anchor bridge buses, and a 
ground on them means an immediate effect on any wire con- 
nected to them. This reasoning is applicable to the switch, 
should the ground be on the bus bar side, and as the switch is 
a piece of moving apparatus, it 1$ the more difficult to insulate 
and to keep insulated, and is therefore cited as the one deserving 
of the highest consideration of insulation. 

The dead-end insulator has been mentioned third; let it be 
thoroughly understood, however, that it is in a class essentially 
its own, and worthy of respectful attention. No insulator 
throughout the past four years has had our more constant study. 
The difference between insulators not under and under mechani- 
cal strain while performing at the same time their electrical 
duty is marked. When the New Haven electrification was 
completed іп 1908 the best dead-end insulator then on the 
market, and there were many firms competing, was one rated 
at 7,000 lb. mechanically and 40,000 volts electrically, and cost 
$27.00. We found in a very short time that two of these had to 
be used in series, which with the yoke harness made the cost 
$61. It is interesting to note here that in order to secure an 
insulator strong enough mechanically to withstand а cross 
catenary span in the electrification of our Portchester yard we 
had to design a yoke to hold two of the above insulators in 
multiple. To-day we have placed orders for dead-end (or 
strain) insulators, everyone of which is tested before shipment 
for 110,000 volts under a mechanical strain of 35,000 lb., and 
they have an ultimate mechanical tensile strength of 50,000 Ib. 
The greatest credit is due the manufacturing companies who 
have developed this part of the art to this magnificent result. 
Indeed, the whole success of the high-voltage contact system 
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depended upon such an attainment; and [ can say, that Г по 
longer have any moments of anxiety on this score, and con- 
sider that any further advance will be principally along the 
line of economy in manufacture. The insulator above de- 
scribed retails at $7, instead of S61; is capable of withstanding 
seven times the ultimate mechanical strength and three times 
` {Ве electrical strain of the original. This, in the vernacular of our 
American language, I think, is ' some progress ”. 

Steel Contact Wire. It is difficult to place sufficient emphasis 
on the importance and value of the steel contact wire which 
was suggested by Mr. McHenry and put in service on the New 
Haven Lines in 1908. Its adoption accords with the general 
practice represented in bridge construction. Previous to its 
adoption we had practically been running on the members, 
rather than the floor of our electrical suspension bridge. Every 
highway bridge, from the smallest to the largest, carries in- 
expensive and replaceable floor material. Likewise, now, т 
our catenary bridge, its floor is inexpensive and replaceable. 
Its members (electrical conductors) are not being weakened and 
its floor, though cheap in first cost, has a long life. Interesting 
figures to bring out the life of this floor are given in table 6 
that follows, showing micrometer measurements of the steel 
wire taken at a point of maximum wear directly in front of one 
of our low highway bridges where the steel wire 1s on a gradient 
of 2 per cent; thus assuring a maximum upward vertical force 
of contact with the pantagraph shoe of the locomotive. It is 
interesting to note from these readings that the actual vertical 
wear of the wire since its first installation thirty months ago, is 
028 in., which is practically 4.5 per cent per vear of the half 
diameter of the wire (one half taken to permit wire to be held 
in clips) which, even on this vertical diameter basis, indicates a 
life of over twenty years; but as a matter of fact it will be much 
more than this, for the reason that as the vertical diameter 
lessens the breadth of contact increases throughout, thus 
diminishing the rate of vertical wear. Of further interest, too, 
is the fact that there is practically no corrosion on the wire; for, 
like the traffic rails in service (only much more so) the wire 15 
constantly covered by а film of greasc-—-duc to a generous amount 
of this material being placed on the pantagraph shoe. 

The steel wire is, in effect, a longitudinal spring of constant 
length, in which the tension only varies with the temperature. 
The coefficient of expansion of the contact wire and its sup- 
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TABLE 6. 
VERTICAL MEASUREMENTS OF TROLLEY WIRE ON TRACK NO. 3 


Diameter in inches 


| | 
| 


| 
9/3/08 | 12/10/08 | 9/17/09 | 12/15/09 | 
| | 
кэни Е | 
Bridge 245................ 0.483 0.475 Е 0.487 | 0.4х6 
Center of врап........... 0.484 | 0.480 0.437 | 0.483 | 0.467 
Bridge 254............... 0.486 | 0.483 0.484 0.481 0.444 
Bridge 938............... 0.487 | 0.483 0.483 0.478 ! 0.475 
Center of врап........... 22 0.47 | 0.483 0.480 | 0.458 | 0.440 
Bridge 237............... ‚ 0.483 | 0.474 0.475 0.462 | 0.443 
Bridge 231............... 0.456 0.456 0.482 0.472 0.453 
East approach | | 
Low bridge 40............ 0.483 | 0478 0.477 0.459 | 0.429 
Center approach | 
Low bridge 40............ 220.479 | 0.473 0.471 0.443 | 0.422 
West approach | 
Low bridge 40............ 0.478 . 0.447 0.476 0.445 | 0.423 
Bridge 930............... | 0.484 ' 0470 0.474 0.470 0.457 
Bridge 226............... 0.482 0.479 0.478 | 0.461 0.444 
Center of зрап........... 0.43. 0.472 0.476 | 0.457 0.425 
Bridge: 2252-2220 | 0.480 0.478 0.476 | 0.453 0.430 
Bridge 299............... ' 0.478 | 0.481 0.472 | 0.470 0.445 
Center of врап........... ‚ 0.487 0.481 0.456 0.462 0.429 
Bridge 221............... | 0.490 | 0.459 | 0.496 0.461 0.450 
Bridge 214............... (000.4 0.484 0.479 0.475 ! 0.467 
Center of врап........... 0.484 0.469 0.477 0.441 0.432 
ПЛАВЕ оаа des cee | 0.472 | 0.467 | 0470 | 0.460 | 0.455 
Bridge 160............... | 0.476 | 0.470 | 0.471 0.466 0.462 
East approach | | 
Low bridge 97............ 0.475 0 4RO 0.466 0.463 0.463 
Center of low bridge...... | 0.469 0.47 | 0 474 0.467 0.432 
West approach low bridge. 0.476 0.469 0.465 0.466 | 0.4406 
Bridge 159............... 0 478 0.475 | 0.478 0.472 | 0.464 
Bridge 120............... 0.471 0.470 0.467 0.460 , 0.459 
East approach 
Lon ре обырына ы 0.471 0 478 0.480 0.474 | 0.469 
Center of low bridge...... 0.480 0.477 0.470 0.472 | 0.465 
West approach to К | | 
Low Бгідре............... 0.476 0.477 0.476 0.477 ‚ 0.468 
Bridge 149............... |... 0.486 0.475 0.472 0.474 0.468 
Bridge 147............... 0.501 0.508 0.504 0.500 ' 0 493 
East approach low bridge | 
C PME _ 0.478 0.476 0.490 0.482 | 0.471 
Center of low bridge...... || 0.502 0 500 0.492 0.489 , 0.465 
West approach low bridge. 0.503 0.498 0.5025 0.491 ' 0.490 
Bridge 146............... 0.486 0.491 0.488 0.479 | 0.478 
Center of зрап........... 0.492 0.438 0 439 0.485 | 0.482 
Bridge 145............... 0.496 0.498 0.485 0.483 | 0.478 
Bridge 142............... 0.472 0.474 0.474 0.466 0.457 
Bridge 137............... ' 0.471 0.474 0.469 0.465 | 0.462 
Center of span........... | 0.472 0.475 0.469 0.466 | 0.460 
Bridge 136............... | 0.473 0.450 0.478 0.474 | 0.472 
| 
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porting catenary cable being the same, the difficult and objec- 
tionable adjustments which are incident to a combination of 
copper and steel are avoided. 

It was thought, due to the lesser coefficient of expansion of steel 
vs. copper wire, that the extreme variations in temperature might 
cause the contact wire to break, but this feature, happily, has 
not manifested itself. Our experience with this steel wire 
justifies its presence, and it will be used throughout our catenary 
construction over the New York, New Haven and Hartford, 
Harlem River Branch and the New York, Westchester & Boston 
electrification; thus serving something over 300 miles, measured 
in single track. 

ELECTRIC LOCOMOTIVES 

In the writer’s previous paper there was given a list of me- 
chanical and electrical changes that were being made in the 
New York, New Паусп and Hartford passenger type of locomo- 
tive and in the two years past an excellent opportunity has 
afforded to observe the result. No better index of the result 
could be evidenced than by the train minute delay statistics for 
six months of consecutive operation previously cited. As is 
always the case, new designs and practices include theoretical 
features which in practice are generally transformed into nui- 
sances. The New Haven locomotives were no exception to this 
rule. Handicapped by the imposed condition of interchangeable 
operation on alternating- and direct-current systems—even 
with this complication to start with—to-day a closer inspection 
of the actually necessary control shows great simplification. 
The simplicity of the straight altcrnating-current single-phase 
control above all others can hardly be argued. 

The introduction of a completely cushioned locomotive (with 
the exception of the wheels and axles) on heavy trunk line rails 
was one of keen interest to the maintenance-of-way depart- 
ment, and a careful study of its effect 1s being made. They have 
already reported a decided betterment of rail life and alignment 
since its introduction. Indced it is not difficult to appreciate 
this natural result, due to the absorption of wheel impacts by 
the locomotive springs rather than by the track. In the quill 
spring arrangement as installed on the first New Haven locomo- 
tive the actual impact forces were under-estimated and the 
quantities of helical springs broken gave ample evidence of 
the deletcrious forces at work. A much stronger set of helical 
springs was the answer. The quill drive with its various arrange- 
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ments of spring support, by helical, tangential or other method, 
must answer to the charge of placing a greater first cost on the 
locomotives. Тһе real question involved, is whether the in- 
terest on this cost and maintenance charges will offset the cost 
of repairs to track and equipment. There is abundant evidence 
in our hands to prove that it will do so many times. 

The initial installation of the New Haven road provided for 
locomotive propulsion of all trains. This provision has proved 
wise, in view of the schedule requirements permitting this type 
of equipment, and during the past two years close attention has 
been given to the development of three other classes of equip- 
ment, пат у: the multiple-unit train, the road freight engine 
and the switching engine. In the paper previously referred 
to, the passenger locomotive was discussed. 

In Figs. 38 and 39 are shown the run curves as obtained from 
electric passenger locomotive 038, a locomotive typical of the 
original 41 ordered for express and local service between Stam- 
ford and Woodlawn. Fig. 38 has for its abscissae reference the 
time. In order, however, to bring out the relation of grade 
to power, Fig. 39 uses for its abscisse the station location, with 
grade co-ordinated with it. In this figure the effect of grade on 
the required input of locomotive is very remarkably brought out. 

In express train No. 9 it 1s to be noted that locomotive 038 
is handling a train weighing 475 tons; the maximum weight 
mentioned in specifications for purchase of these locomotives 
was 250 tons. The trailing weight of this train was 377 tons; 
thus the weight carried is 50 per cent in excess of specification, 

In the case of the local passenger train No. 213, it is to be noted 
that its weight is 316 tons, giving a trailing load of 214. For 
local service a maximum trailing load of 200 tons was spccified, 
but it is to be noted by the arcas plotted for kilowatt input that 
the locomotive is very much underloaded. The choice of train 
weights in these two tests was at random, and the tests con- 
ducted were upon trains in commercial service. 

In the case of the passenger runs, the stations between Stam- 
ford and Woodlawn being spaced very much closer than between 
Stamford and New Haven, did not permit as economical oper- 
ation as in the case of the latter, due to the fact that 
acceleration is maintained nearly up to the point ОҒ braking 
in each case. A greater station spacing would have permit- 
іса more coasting, and thus а higher rate of economy in 
watt-hours per ton-mile. The usc, however, of locomotives 
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ments of spring support, by helical, tangential or other method, 
must answer to the charge of placing a greater first cost on the 
locomotives. The real question involved, is whether the in- 
Lerest on this cost and maintenance charges will offset the cost " 
of repairs to track and equipment. There is abundant evidence 
in our hands to prove that it will do so many times. 
The initial installation of the New Haven road provided for  : 
locomotive propulsion of all trains. This provision has proved 
wise, in view of the schedule requirements permitting this type 
of equipment, and during the past two vears close attention has 
been given to the development of three other classes of equip- 
ment, namely: the multiple-unit train, the road freight engine 
and the switching engine. In the paper previously referred 
(о, the passenger locomotive was discussed. 
In Figs. 38 and 39 are shown the run curves as obtained from 
electric. passenger locomotive 038, a locomotive typical of the 
original 41 ordered for express and local service between Stam- 
ford and Woodlawn. Fig. 38 has for its abscissae reference the 
time. In order, however, to bring out the relation of grade 
lo power, Fig. 39 uses for its abscissze the station location, with 
grade co-ordinated with it. In this figure the effect of grade оп 
Lhe required input of locomotive is very remarkably brought out. 
In express train. No. 9 it is to be noted that locomotive 038 
ін handling а train weighing 475 tons; the maximum weight 
mentioned іп specifications for purchase of these locomotives 
was 250 tons. The trailing weight of this train was 377 tons; 
(hus the weight carried is 50 per cent in excess of specification, | 


In the case of the local passenger train No. 213, it is to 1 
Ihat its weight is 316 tons, giving a trailing load of 2 
local service а maximum trailing load of 200 tons wa 
but it in to be noted by the areas plotted for kilowa! 
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for the local service was a wise provision, because at the time the 
electric service on the New Haven was inaugurated the single- 
phase multiple-unit equipment had not been sufficiently de- 
veloped. The future will sce the gradual replacement of the 
locomotives by multiple unit cars for suburban service, and the 
continued use of the locomotives thus replaced in the express 
service. "Thus, in the event of the extension of the electrifica- 
tion to New Haven there will be a large crcdit on the work, in 
that the present locomotives will be used for express operation 
bctween New York and New Haven. 

Again, these curves (both in express and local service) bring 
out, through the means of electrical units of power, the track re- 
sistances and engine power requirements as were indicated by the 
steam tests reproduced in the earlier part of the paper. 

Space does not permit the inclusion of many drawings or 
a lengthv discussion of these three types of equipment. Fig. 40 
gives an elevation drawing of our most recently designed freight 
locomotive, the electrical characteristics of which have been re- 
ferred to in a previous part of this paper. One of the impressive 
characteristics of this engine 1s, its ability to start very heavy 
trailing loads; e.g., 2160 tons. This, the largest load we were 
able to assemble, was easily accelerated. Such a torque bearing 
characteristic is of much value under conditions of acceleration 
on grade, but these figures must not be interpreted to mean 
that a tractive effort of this character can be sustained, except 
for a very short interval. 

The locomotive is of the quill geared type, entirely spring 
supported (except wheels and axles), with pony wheels leading 
and trailing, and four propulsion motors are provided with a 
normal hourly rating of 396 h.p. each. The speed torque 
characteristics of the locomotive are shown in Fig. 17. 

This type of locomotive is of higher power and differs from our 
present passenger engine in the arrangement of its apparatus, 
it being fitted with a central truck over superimposed motors, 
with the control apparatus arranged in the middle of the cab and 
a full passage on each side, giving excellent light for inspection 
of the various items of equipment. This 1s a marked improve- 
ment over the previous type of locomotive, the apparatus and 
control of which is arranged on the sides of the locomotive with 
а central aisle. 

Besides the above described type of electric road engine, there 
is being built for the New Haven road two other types of equiva- 
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lent hauling capacity; one of the side-rod design with four-motor 
equipment, the other having its power divided between eight 
motors. Much discussion (pro and con) on various types of 
engines typified in the above description lead the New Haven 
officials to a trial of engines of these different designs; all of them 
being entirely effective for the purposes to which they will be 
assigned, and at the same time offering a practical investigation 
into their individual merit, and thus permitting in the end a 
composite locomotive which will include, as far аз possible, 
all the good principles, to the exclusion of the less desirable. 

In connection with the above described locomotives, it is to 
be remembered also that they have all been designed inclusive 
of interchangeable opcration on alternating current and direct 
current. In every instance this condition has increased weight 
and complicated control. А striking example of this is in the 
complete freedom from complication by the elimination of all 
direct-current consideration sin the Hoosac Tunnel electrification. 
One is immediately impressed with the great simplicity of the 
single-phase Hoosac Tunnel locomotive when entering its cab 
immediately after a departure from a New York, New Haven 
and Hartford engine. 

The cause of the above complication has been due to its having 
been deemed expedient for the handling of our heavier passenger 
trains that these electric freight road engines be equipped for 
direct-current operation from Grand Central Station, but for- 
tunately only a few will be required; the remaining locomotives 
will be equipped for the simple straight single-phase operation 
and will haul freight trains between Harlem River and New 
Haven. . 

Гір. 41 gives ап outline elevation drawing of our switching 
locomotive. This спрше is coming to us as this paper goes to 


press. To the writer, it is the most interesting of all, though 


small and apparently insignificant. Much of our experience in 
electric locomotive practice has been of real value in the design 
of this engine. Like its larger brothers, it too is of the ашп 
spring-supported type. Оп account of the buffing strains inci- 
dent to vard work, its framing and the assemblement of equip- 
ment is made particularly substantial. Тһе fact that the 
capacity of its motors (600 h.p., hour rating) will unquestionably 
measure up, and with considerable margin, to the duties to be 
imposed upon it, is brought out by the analysis of the steam 
switching requirements shown in the earlier part of this paper. 


atu a 
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Already the Stamford vard (containing 4.2 miles of track) 
has been electrified, and upon receipt of the locomotive it will be 
exercised therein for commercial investigation. 

In connection with our alternating-current multiple-unit 
train development, we have had in operation a multiple-unit 
equipment consisting of four motor cars and six trailers. Again 


TABLE 7. 
COMPARATIVE WEIGHTS OF ALTERNATING-CURRENT AND ALTERNATING 
CURRENT-DIRECT CURRENT EQUIPMENTS FOR NEW YORK NEW 
HAVEN & HARTFORD RAILROAD COMPANY 


| Alternating 

| current- 
Alternating | direct 
current | current 

| 1 
| Pounds Pounds 
| 4 Мес date Era ын ыы орыта kan | 31,800 31,800 
I CTrAnSÍOPIDBE. 25 eae Sor IDEO cR e Rc te Qi Ақ ЫН 7,000 7,000 
| 2 Trolleys with деғай6............................ 1.485 1,485 
| 4 Third rail shoes with fuse Бохев................. - 3,200 

T Switch Grou у о rex aX аз е ЕРЕН 1,250 

| 3 Switch @тоцрз.................................. 2,700 
Ме сету лама O TAE А 400 400 
ооо а ем | 585 585 
L Sit gids Умкаауги иий o a ЗЕН аб Nae око | 480 1,800 
| Bus line receptacles and јитрегѕ................. | 75 75 
Train line receptacles and jumpers............... 100 175 
2 Master сопбгоПетв.............................. | 100 150 
Limit switches and line геһаув................... | 60 50 
Battery and charging веб........................ 325 325 
Pneumatic and insulating details................. 90 100 
Main switch duo coo aed ТТТ ERE EROS dade 40 
МУабипе ёт... ecr cardoen жие аж» Xu Ce EO e өз 40 
Changeover вулісһ.............................. 200 
СаБ1еёзу +з. қыза CR КЕРМЕ екі 750 1,500 
Ніотег-ӨйЕЛЕ;: 225552254 E Cd жы жақа ажа 800 500 
Tablet board and lighting дебай8................ 450 450 
` Erection д4сбайв................................. 1,500 2,500 
47,250 55,405 


the requirement of direct-current operation has superimposed 
Upon this equipment the handicap of extra weight and complica- 
tion of control, and, as in the instance of the locomotives, a 
Careful investigation of the actual requirements necessary has 
Served to reduce greatly these two unwelcome elements. Marked 
indeed in all types of propulsion apparatus, is the relative sim- 
Plicity of straight single-phase, over alternating-current-direct- 
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current equipment. Weight is bad enough, but complication is 
worse. Great strides have been made in the simplification of the 
alternating-current-direct-current apparatus, but even with all 
of this, it is interesting to note the comparison between weights 
and control for the two classes of equipment. In table 7 here- 


WIRING DIAGRAM OF ELECTRIC LOCOMOTIVE 
FOR А.С. 4 D.C. OPERATION 
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WIRING DIAGRAM OF ELECTRIC LOCOMOTIVE А.С, TROLLEY 
FOR А. С. OPERATION L. S. 


Fic. 42.— Wiring diagram electric locomotives 


with, it is to be noted that the straight single-phase equip- 
ment is over 8000 lb. lighter than the alternating-current- 
direct-current equipment, and in the diagram of connections 
Fig. 42 it is to be noted that the number of unit switches 
for the alternating-current-direct-current control аге 100 


_ E REX 


= ==. ". шə: + 


1911] MURRAY: TRUNK LINE ELECTRIFICATION 765 


per cent greater than those of the straight single-phase. To 
the previous multiple-unit equipment mentioned there will 
be added (now under construction) four motor cars and 
twelve trailers. These, unfortunately, again will have to be 
equipped for interchangeable alternating-current-direct-current 
operation. Тһе equipments, however, to be ordered in connec- 
tion with the Harlem River Branch electrification and the New 
York Westchester & Boston electrification will be free from the 
intricacies necessary to this dual service, these latter equipments, 
together with the freight and switching engines, being of the 
straight single-phase design. 


GENERAL CATENARY CONSTRUCTION 


In the simultaneous authorization of the electrification of 
the six-track Harlem River Branch for freight and passen- 
ger operation, the New York Westchester & Boston and the 
Hoosac Tunnel, it naturally made it imperative for the engi- 
neers of the New Haven Road to prepare a very extensive set 
of plans to cover completely these three constructions. Illustra- 
tive of the flexibility and adaptability to standardization of the 
single-phase system, while the Harlem River six-track work re- 
quired a longer and stronger bridge than the four track New York 
Westchester & Boston railroad, the general design of both, 
however, are the same; and notwithstanding the difference in 
number of tracks, the wire plans for the overhead catenary sys- 
tem of the four-track were applicable to the six-track, the simple 
addition of two tracks merely meaning an additional 50 per cent 
increase of material and an equal percentage of weights and 
stresses for the bridges to sustain. 

Space does not permit a lengthy discussion of the general 
drawings and plans that have been presented in this paper. 
Owing to the necessary reduction, in reproducing the tracings, 
the figures on the illustrations and particularly those of the 
strain and deflection tables, have been reduced to sizes which 
are difficult to read, without the aid of a glass. However, 
in including these drawings, my thought was that they would 
be an epitome of the extensiveness of the work under way, 
and give some idea of the methods involved in its general 
specification. 

It will be of interest, no doubt, to state that 1n all the New 
Haven electrification drawings, it has been the attempt to make 
each one, while descriptive of the construction desired, at the 
same time a specification of procedure in erection. 
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In the case of the New York Westchester & Boston and the 
Harlem River clectrifications we were able to assign to this 
work Mr. P. J. Kearny and Mr. L. S. Boggs, respectively, who 
had had previous catenary construction experience with the 
New Haven, and who were in touch with the methods pursued 
in its electnfication work. 

In the case of the Hoosac Tunnel electrification, coming at 
the same time as the two previous works referred to, and finding 
ourselves lacking the necessary engineer for this work, Mr. L. B. 
Stillwell, of New York, was offered and accepted the position as 
engineer in charge of this work, reporting to the engineering 
department of the New Haven road, of which Mr. E. H. Mc- 
Henry is vice-president. As indicated in the prints included in 
this paper, covering the Hoosac Tunnel catenary construction, 
it is to be noted that these all bear a similar appearance to those 
relating to the two other clectrifications previously referred to. 
While the electrification of the tunnel and its approaches is not 
yet complete, it is rapidly nearing this stage. Electric locomo- 
tive opcration for instruction of engineers has already started 
on the North Adams approach of the tunnel in anticipation of 
regular service. 

The Hoosac Tunnel electrification is characteristic for its 
simplicity. In the case of its power house, two turbo-generators 
each of 3000 kw. capacity were installed, with a provision for a 
third generator of similar capacity. The New Haven company 
was able to utilize the plans as developed for its recently in- 
stalled Waterbury station, certain adjustments and additions, 
however, being required to be made to these plans due to dif- 
ference of location and size of two of the generating units and 
switching arrangements necessary to the Hoosac Tunnel single- 
phase conditions. The locomotives have been referred to before; 
they are characteristic for their simplicity, the cabs being roomy, 
the control apparatus being centrally arranged and most ас- 
cessible to inspection. 

The power house is located 2.4 miles from the track catenaries, 
and Fig. 43 shows the gencral wiring diagram of the complete 
system. Again space does not permit an extensive description 
of this electrification. Naturally the most interesting part 
of it is the tunnel itself. The introduction of 11,000 volts into 
this tunnel, with the close overhead clearance that the double- 
track arrangement requires, afforded an interesting problem in 
the location and placing of insulators which would insure 
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against any breakdowns between the electrified wires and 
ground. 

From the crown of the tunnel is suspended a bracket, as shown 
in Fig. 44. Four insulators, each capable of resisting 150,000 
volts to ground, are installed on this bracket. Two of these 
insulators apply to each track. Their arrangement of support 
is such as to place them in series, thus giving them a combined 
dielectric strength of 300,000 volts. The outside insulator holds 
the track messenger, to which is pendent the contact wires 
below. Some criticism might be offered in using a 150,000- 
volt insulator, where 40,000 might have sufficed. By the ex- 
penditure of $1 more per insulator, there was secured practically 
eight times the insurance from breakdown. The tunnel is 
five miles long—an unhandy place to come to a full stop. There 
are 1000 insulators; hence $1000 has been spent to secure eight 
times the protection. 

On the approaches to the tunnel, insulators of the design as 
shown in Figs. 45 and 46 areused. The opportunity here seemed 
an excellent one to secure immunity from trouble; 50 cents extra 
per insulator secured practically three times the protection of- 
fered by an ordinary 40,000-volt insulator. Тһе outside insu- 
lators before erection are all required to withstand a dry voltage 
test of 110,000 volts. 

It has been forcibly impressed upon the writer that it is good 
engineering to spend money on insulation. АП of the insulators 
purchased for the Hoosac Tunnel electrification, inclusive of 
the tunnel itself and its outside approaches, did not total one 
half of one per cent of the total expenditure. Insulation is of 
all things the one most important thing to be right, in order to 
secure continuity of service. It pays a handsome dividend every 
year. It has been said by our electrical superintendent, Mr. H. 
Gilliam, that the emergency train service on the New Haven 
electrified lines would practically cease if line failures were elim- 
inated. This means that mechanically everything is fit. There 
is no reason why the electrical condition cannot be made identi- 
cal. 

So much with reference to our plans of main line electrification, 
in which I believe there can be recognized a general sense of 
inherent standardization, notwithstanding they refer to three 
properties with a variety of service and location. 

In a previous part of the paper the electric switch engine has 
been referred to. Figs. 47 and 48 show two great yards on the 
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Harlem River branch; one of them covering 20 miles, the other 
42.3 miles in tracks that are being electrified, and in which the 
electric switch engines will work. 

On account of the extremely small amount of current required 
per horse power developed, and on account of the excellent con- 
ductor section offered in the gridiron arrangement of the track 
yards, not a pound of copper is required throughout this ex- 
tensive trackage, with the exception of rail bonds and these are 
reduced to the smaller size and only one rail is bonded, with the 
attendant result of an extremely low cost, compared to main line 
construction. Fig. 49 gives a cross section at station 22-81 ft. 
Harlem River yard, from which is to be noted the simplicity 
of cross catenary span for the support of the track contact wires. 
On this drawing is secn the same cross catenary wire split up 
into spans supporting contact wires over tracks, some with 
regular--others with irregular spacing; the irregular spacing 
being due to the leading in of tracks to a common ladder. Bya 
simple system of bridles, which on the plans are to be noted 
require only one rigid post to hold many tracks, the overhead 
contact wires are held in proper alignment over the tracks they 
serve. The cost of vard electrification, as before stated, can 
vary from $1,500 to $3,000 per mile of track, depending upon the 
average number of tracks spanned. 


\ 
ELECTRIFICATION COSTS 


The question of cost, both with reference to capital invest- 
ment апа opcrating in connection with electrified lines, is 
naturally the greatest factor of consideration on the part of 
railroad companies contemplating the application of electricity 
to their lines. In this department I am quite in agreement with 
the previously scorned adage—“ Every situation is a study in 
itself ’’; for while in my opinion no trunk line electrification can be 
better served than by the use of single-phase current, it must be 
conceded that electrification costs must vary with the greatly fluc- 
tuating conditions of volume and density of traffic involved. 
Again, while it would be perfectly possible to state the actual cost 
involved in handling a train mile by electricity vs. a train mile 
by steam, this information as applying to the New Haven road 
might be extremely misleading when considered for other applica- 
tion. Itisnot to present any information not generally known, to 
say that power houses can be constructed, depending upon the 
capacity, from $90 to $110 a kilowatt; line construction for 
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one, two, four and six tracks can be erected at costs varying 
respectively from $4,000 to $7,000; from $8,000 to $15,000; 
from $25,000 to $40,000; $40,000 to $60,000 a mile; the fluctua- 
tion in cost for these respective constructions depending entirely 
upon the standards elected, which are inclusive of the con- 
sideration of importance of track, in turn bringing into con- 
sideration the advisability of wood and steel post construction, 
cross catenary and bridge span construction, single or compound 
catenaries, etc., also the cost of overhead yard construction can 
vary from $1,500 to $3,000 a mile, depending upon number of 
tracks spanned and type of construction selected. 

Locomotives of the passenger road and switching type, de- 
pending upon the nature of their service, can vary in cost from 
$25,000 to $45,000 a unit. Thus it is seen that it would be 1т- 
possible, from the capital point of view, to give a useable esti- 
mate of electrification cost. Again the necessity of property 
acquisitions, which in one case may be nothing and in another 
a very large sum, all varying in accordance with the environ- 
ment of the electrification іп question, make such studies in- 
dividual to the specific cases under consideration. 

In general, from an clectrical operating standpoint, it may 
be stated that for trunk line properties, where a very consider- 
able density of traffic 1s involved, there will be shown a con- 
siderable debit in the department of ' maintenance of way and 
structures," while in the departments of ''maintenance of 
equipment and transportation expenses” a large credit, if the 
proper system is selected, may accrue. Тһе balance between 
the debit and credit columns furnishes the ground upon which 
it may be said it is either a good or bad investment for the 
railroad company to electrify; and yet even though the direct 
returns prove unsatisfactory, it does not follow that the invest- 
ment 15 а Бай one if considered from a broader standpoint of 
general policy. | 

А most careful analysis of the relation between steam and 
electricity was made in connection with the lines of the New 
Haven road west of New Haven. I have no authority, in 
presenting such a paper as this, to state whether the policy of 
the railroad company in electrifying over 300 miles of its trunk 
line rails, terminals and yards was for financial gain to itself 
or better service to its patrons; but at least it is reasonable to 
assume that with an application of electricity to cover complete 
passenger and freight train propulsion and yard switching over 
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the mileage above named, expending millions of dollars to effect 
such a service, its Directors could not have ratified the extension 
of the adopted system and its application over such a wide 
territory in all classes of service, unless the successful and un- 
competitive charactcristics of the system were not immediately 
apparent. 

Not until the electrical system of the New Haven road is a unit 
in itself, rather than a mixed service of steam and electricity, 
сап its truc economies of electrical traction be discussed. Suffice 
it to say that the two great departments of economy lie in the 
saving of fucl and repairs to rolling equipment. 

I regret that my contribution in this paper to the many times 
repeated question as to the cost of clectrification cannot bring а 
definite reply to each request. The electrification of railroads 
will not await the reply of an impossible inquiry. The practical 
answer, and substitute for this inquiry, is: As electrification of 
trunk lines is now practically at hand, what 1s the correct system 
for all? Our experience with the single-phase system as applied 
to the New Haven Road to over 300 miles of its track, with the 
necessary extension to follow to New Haven, adding 150 more— 
making a total system, with yards, of nearly 500 miles, may offer 
a strong suggestion in this direction. 

Recommendations. As in the early days when alternating- 
current application forced its way into the acceptance by its 
very opposers, so has the force of its application to the trunk 
line railroad problem impressed the writer that he has not felt 
it necessary to make any plea for its acceptance. When rail- 
roads consider trunk line electrification, all important will be 
the matter of freight movement and with it the cost and con- 
venience of operation of their yards. Тһе ratio of the mileage 
of vards in the division run between Harlem River and New 
Haven to the main line tracks, 1$ over 55 per cent: and while 
the New Haven road may be considered to have a high ratio of 
yard mileage to main line mileage, this condition 1s ever true 
throughout the railroads of the Atlantic Coast territory. In 
fact, such a condition is naturally true of any territory including 
cities and towns of close proximity to each other. Іп writing 
this paper, it has been my effort to avoid a discrimination between 
systems. I wish, however, to state very plainly that I am not at 
all in sympathy with the attitude on the part of some who claim 
some recognition in the field of railroad engineering, when they 
suggest the advisability of not advocating any particular system 
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of electrification. To discuss electricity vs. steam without a 
recommendation of system in the specific cases of trunk line 
work, in my judgment, is to launch a ship upon a rough and 
windy sca without a rudder. I plead guilty to a considerable 
effort in trying to lay before the Institute the facts presented 
in this paper. I have endeavored to deal with nouns and not 
adjectives. An extremely important matter would be omitted 
if I did not say that my experience with the single-phase system 
vs. other competitive systems, affords me the sincere conviction 
that, under practically all conditions of trunk line consideration 
where the traffic is of the same amount and character, or indeed 
much less than that which is comprehended in the mileage that 
this paper covers, its first cost is at the greatest not more than 
85 per cent of its next best competitor, and its operating costs 
less than the above percentage. | | 

The above statements should not be taken to mean that all 
trunk line railroads, considering electrification, can electrify 
and save money; indced its general application is prohibitive. 
There are, however, roads that must and will electrify. To such 
railroads it is my hope that the information compiled will be of 
value. | 

It has been suggested by some not altogether friendly even 
now to the single-phase system, that if this paper be made in- 
clusive of specific recommendations as to system to be applied 
for trunk line properties, inclusive of suburban and terminal 
territory, that it might confuse the mind of the railroad man, 
due to diversity of opinion among electrical engineers on this 
subject. I wish to say, with reference to this matter, that my 
opinion of and respect for the railroad man, born of the past six 
years of intimate association with him, be he an executive of 
finance, transportation, operation or engineering, is that he is 
not of the caliber to be confused by a discussion of this subject. 
I have invariably found rudders on their ships; why not one 
to ours? Апа let me assure those who are contrary to this 
opinion that railroad men can intelligently analyze any ar- 
gument that is to be advanced—pro or con—on this highly 
necessary and near decision. The paper, however, is not pre- 
sented to precipitate an argument; nor is it an argument for the 
single-phase system. Statistical records of the first cost and 
operating expense make such a course unnecessary. It has been 
written with the purpose of placing in the hands of those in- 
terested in the electrification of railroads the facts concerning 
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the application of single-phase current to nearly 500 miles of 
trunk line property and to make a specific recommendation that 
for the sake of simplicity and economy it be the adopted system 
for other trunk line properties which the future will see elec- 
trified. | 

I wish to here acknowledge the able services of Mr. Paul 
Real, my principal assistant, in connection with the preparation 
of this paper. 
| | APPENDIX 

The following illustrations (Figs. 50 to 76) include the de- 
tailed drawings pertaining to the overhead catenary construc- 
tion for: 

1. New York, New Haven & Hartford Harlem River Branch. 

2. New York Westchester & Boston Railroad. 

3. Hoosac Tunnel Electrification. 
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Fic. 68.—Hoosac Tunnel method of connection to contact lines 
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Fic. 70.—Hoosac Tunnel deflection sheet for different loads and temperatures 
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Fic. 72.—Hoosac Tunnel cross sections іп tangent 
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CISOIDAL OSCILLATIONS 


BY GEORGE А. CAMPBELL 


The oscillations here defined as ''cisoidal oscillations " are 
those of the form 


C cis pt — C (cos pt 4-1 sin pt) = Ce?! (1) 


where ¢ is the time, e the Napicrian base, 22 V — 1 the imaginary 


symbol,! and cis an abbreviation for the complete trigonometric 
expression. Тһе constants C and ф may be any scalar quantities, 


either real or complex. The oscillations are sustained, logarith- 
mically damped or aperiodic, according as the time coefficient р 
is real, complex, or pure imaginary. Тһе following discussion 
will, in general, apply indifferently to all three cases. 

The use of the term “ cisoidal oscillations " emphasizes the 
distinctive character of the subject, while tending to keep in 
mind the close connection between these oscillations and sinu- 
soidal oscillations. Тһе fact that one of the algebraic curves is 
called а “ сіѕѕоіа ” can hardly lead to confusion. | 

The practical importance of cisoidal oscillations rests upon 
the following properties: 

l. In all cases where the principle of superposition holds, any 


1. The use of $ (or Greek ¢) for the imaginary symbol is nearly universal 
in mathematical work, which is a very strong reason for retaining itin 
the applications of mathematics in electrical engineering. Aside, how- 
ever, from the matter of established conventions and facility of reference 
to mathematical literature, the substitution of the symbol 7 is objection- 
able because of the vector terminology with which it has become asso- 
ciated in engineering literature, and also because of the confusion resulting 
from the divided practice of engineering writers, some using j for +4 and 
others using j for — 4. 


NOTE.— This paper is to be presented at the Pacific Coast meeting, 
of the A.IE.E., Los Angeles, Cal., April 25-28, 1911. Notice of oral 
discussion or any written discussion should be mailed to reach the Chair- 
man of the Los Angeles Section, J. E. McDonald, on or before date of 
meeting. Written contributions received within 30 days thereafter will 
be treated as if presented at the meeting. 
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oscillation can be regarded as a compound cisoidal oscillation, 
1.6., the algebraic summation of simple cisoidal oscillations. 

2. Cisoidal oscillations are uniquely simple because the ratio 
of the instantaneous clectromotive force to the instantaneous 
current 16 not a function of the time. 

3. Cisoidal oscillations involve scalar magnitudes only so that 
all algebraical relations and operations applying to the real 
physical phenomena may be extended to them. 

4. The solution for cisoidal oscillations in any finite network 
may be written down directly, without solving differential equa- 
tions or the use of integration or differentiation. 


SCALAR CHARACTER OF CISOIDAL OSCILLATIONS 


As complex quantities and exponential functions of complex 
quantities follow the laws of ordinary algebra, they introduce 
scalar quantities апа not vector quantities. This is a matter 
of great importance, since ordinary algebra is simpler than vector 
algebra. The wide-spread use of the term vector іп connection 
with complex quantities in alternating current theory is unfor- 
tunate for it 1s logically incorrect, and so has led to confusion, 
and it also tends to divert attention from the algebraical theory 
of complex quantities, which 15 of great practical assistance in the 
treatment of cisoidal oscillations. 

When the direction of a current is confined to one or the other 
of two opposite directions by the use of a linear conductor, we 
can vary its scalar magnitude only; it is no more correct to 
speak of representing this scalar quantity by a vector when it 1s 
complex than when it is real. It is only when the electrical 
phenomena takes place in two or three dimensions in space that 
vector variables are involved in the mathematical treatment. 

With complex quantities the power continues to be the pro- 
duct of clectromotive force and current. A steady imaginary 
current flowing through a resistance, therefore, dissipates nega- 
tive real power, that 15, energy 1s absorbed by the electrical phe- 
nomena taking place, which tends to cool the conductor. Simi- 
larly the magnitudes of the kinetic energy of an inductance and 
the potential energy of a condenser are real negative quantities in 
case the instantaneous current and potential are pure imaginary. 
As the power with complex quantities may be cither positive or 
negative, or in general have any argument, the total power in a 
portion of a network, such as two or more resistances, may 
vanish because the several powers in the individual elements 
mutually cancel when added together. 
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If the current and electromotive force are cach cisoidal the 
associated power 1s also cisoidal with a time cocfficient equal to 
the algebraical sum of the time coefficients of the electromotive 
force and current; when these two coefficients are equal and 
opposite in sign the power is constant with respect to the time. 

We might have defined the cisoidal oscillation using through- 
out — т in place of 1, which would change all quantities, in- 
cluding the impedances, to their conjugates. But we follow, 
of course, the general practice of taking positive quantities as 
the norm, in consequence of which the sign for inductive rcac- 
tances 15 positive, and the sign for capacity rcactances is nega- 
tive. 

CORRELATED OSCILLATIONS 

The complete formal solution of a sinusoidal alternating 
current problem by the aid of complex quantities involves the 
following steps: | 

1. Resolution of the periodic data into the sum of cisoidal 
oscillations having the time factors cis (+ pf) and cis (— pt). 

2. Solution of the problem for the cis (+ ptf) component taken 
alone; the solution for the cis (— М) component 16 then ob- 
tained directly from this bv changing all complex quantities to 
their conjugates. 

3. Superposition of these two cisoidal solutions to obtain the 
real physical oscillation. 

It is however not necessary to carry through the formal proof 
in individual cases, this being replaced by the following correla- 
tion between the real and the complex oscillations. 

If throughout any invariable network a cisoidal oscillation and a 
cosinusoidal oscillation (all of one time coefficient p) have electro- 
molive forces and currents of the same effective values (moduli) 
and angles (arguments), they will be called correlated oscillations. 

The alternating powers involved throughout correlated oscillations’ 
are equal to each other as regards amplitudes (modult) and 
angles (arguments); the cosinusoidal oscillation having also non- 
alternating power components which are equal, as regards ampli- 
tudes (moduli) and phase angles (arguments) to the powers which 
would be associated with the correlated cisoidal electromotive forces 
taken with the conjugates of the correlated cisoidal currents. 

Or in other words: 

The instantaneous cosinusoidal electromotive forces and currents 
are the real components of the correlated cisoidal electromotive 
forces and currents multiplied by the factor V 2. 
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The instantaneous powers involved in a cosinusoidal oscillation 
are equal to the real components of the cisoidal powers in the 
correlated cisoidal oscillation, augmented by the real components of 
the powers involved in the correlated cisoidal oscillation after chang- 
ing the currents (or electromotive forces) to their conjugates. 

In the typical notation the corrclated oscillations thus defined 


have, if p=pithe 1 


ee B Cosinusoidal 
e.m.f. | E ei?! | A/9|Ele-^s! cos (р, [+ ат Е) 
current | Tet?! | 4/9|Ie-^*! cos(pi t+arg I) (2) 
power matis || E He7??2t E 1[На’ (Е I)) 4- cosarg Е) 
| Е | Е cos(p,ttarg E) | 
| 


impedance | CF |Т cos (р.а ЖИНИ 


In much of the actual algebraical work connected with cisoidal 
oscillations, we may drop the time factors ей?! and е2‘?! and write 
only E, Гапа E I (or Р= Е Г) with considerable resulting sim- 
plification and no liabilitv of introducing confusion. 

It is to be particularly noted that the magnitudes which are 
equal to the corresponding cisoidal moduli are the effective 
values of the cosinusoidal electromotive forces or currents and 
the amplitudes of the cosinusoidal power components. Оп the 
other hand, the cisoidal arguments are uniformly equal to the 
corresponding real angles, this angle reducing for the non- 
oscillatory cosinusoidal power component to the constant angle 
of lag or lead. 

The preceding statements supply the working rules for making 
the change from the real physical cosinusoidal oscillation to the 
ideal cisoidal oscillation and vice versa. This connection is, 
as regards electromotive force and current, one of mutual re- 
solvability as is expressed by the following formula: 


= 1 ; 1 T 
V2) Cle- fat COS (р: ttarg C) = p Cet?! 75 C' ec i?'i 


; 1 ES 
d t= — № — bat 1 
Се? Or [V2|C| e-## cos (pı t+arg C)] (3) 


+ [Усе > cos (pi t[-+arg (c - а )] 


a — Ц — 2... Ц 
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the first giving the cosinusoid in terms of the correlated cisoid 
and its conjugate cisoid, the second giving the cisoid in terms of 
the correlated cosinusoid and the consinusoid with its phase 
retarded 90 degrees. On account of this mutual resolvability 
either the cisoidal oscillation or the cosinusoidal oscillation 
may be regarded as being obtained by summation from the 
other. 

If any particular cisoidal or cosinusoidal oscillation is possible 
the correlated oscillation is also possible. 

It is somewhat arbitrary as to the exact functions which we 
define as corrclated oscillations. Тһе sine might have been 
taken in place of the cosine and the amplitudes іп place of the 
effective values, but on the whole these alternatives do not seem 
to afford quite the same convenience, but only because the state- 
ments become slightly more involved. We shall however 
continue to use the term '' sinusoid " as the general designation 
for the sine function having anv arbitrary phase angle including 
thereby the cosine function. 

The correlation between the sinusoidal oscillations and cisoidal 
oscillations is so simple that it is not ordinarily necessary to 
indicate the step from one to the other in special applications of 
the method. But this omission has led to the cisoidal solution 
being in some way regarded as representing the actual sinusoidal 
oscillation, which is not the case as is very clearly shown by the 
power relations. It is therefore necessary to lay emphasis upon 
the fact that the use of complex quantities affords an indirect 
method, and not a symbolic method of solving real cases of 
oscillations and that the сотр! ее application of the method 
involves an initial algebraical resolution of the real data and a 
final algebraical summation of the complex results as an essential 
and integral part of the method. 


GENERAL EQUATIONS FOR ANY NETWORK 


In any invariable network the actual distribution of current due 
to any impressed. electromotive forces 1s such as to make the power 
dissipated assume the stationary value? which is consistent with the 
conditions imposed by current continuity and the conservation of 


2. A function assumes a stationary value when it is not altered by any 
possible infinitesimal change in the system of variables upon which it 
depends; the first derivatives of the function, with respect to each of a set 
of independent variables is zero at a stationary value. Stationary is 
thus a generalization of maximum, minimum and point of inflection, but 
without any implication beyond the vanishing gradient. 
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energy. The theorem assumes that each branch or circuit 
contains resistance, a condition which corresponds to the physical 
fact and involves no theorctical limitation as the resistances may 
be as small as desired, or any number of the resistances may be 
allowed to vanish completely after playing their part in the form- 
ation of the general solution. 

"This theorem may be established directly from the principles 
of dynamics, but we will here show that it is the equivalent of 
the generalized Kirchhoff equations. 

The condition imposed by the conservation of energy may be 
expressed in the form of the equation of activity by equating the 
total power supplied by the impressed forces to the sum of the 
powers taken separately by the resistances (including con- 
ductances), sclf-inductances, mutual inductances and capacities. 
That 15 


У У а » 1 | У ad 
ед 14 = К, ty + dt ( У БЫ. to + Ме tq 3 
dwr(figdt)?? we. 41 
ШТ E с, "= ей uv 2 La ia Gy 


. di, . di yf iqdl 
+> Moi + 14 HR PS ais (4) 


The condition of continuity may be introduced by expressing 
the currents in terms of any set of independent, circuital currents 


Ci, C2, . . . Cm, Where т is the number of degrees of freedom of 
the network. This gives one equation for each of the / branches 
1g=Qq1 C1d- dqo Cot 0. 5. @т Ст (4-1,2 "TE l) (5) 


where the cocfficient а; = +1 or 0, according as branch q is ог is 
not a part of circuit s, the sign in the first case being positive, 
or negative, according as the positive direction for the branch and 
for the circuit are or are not concurrent. 

The power dissipated УК. 17 15 a homogeneous expression of 
the second order in terms of the m independent circuital currents, 
while the remainder of equation (4) is of the first degree in these 
currents. The stationary value for the power dissipated under 
the assumed conditions will therefore be found by first introduc- 
ing the multiplier $ as a cocfficient for 284147 and then dif- 
ferentiating (4) with respect to c; which gives the following set 
of m equations: 


1911] CAMPBELL: CISOIDAL OSCILLATIONS 795 


; di 
“Ул ёд = “Ула, Rat + Mas L4— 2 T N Mofa- Ji 
tar f. an ^ 44: РА a [$c | ER m) (6) 


The set of equations (6) is identical with the generalized 
Kirchhoff equations of electromotive force for the т circuits taken 
in the positive direction for the currents с;, since the coefficients 
ад; and а, provide the proper sign for each effective electromotive 
force occurring in these circuits and exclude all electromotive 
forces not occurring in the several circuits. Тһе Kirchhoff laws 
and the above condition of stationary dissipation are therefore 
mutually equivalent. 

In subsequent work it will be more convenient to merge the 
conditions of continuity in the equation of activity (4) than 
to use separate equations such as (D) to cover these conditions. 
This may be accomplished either by reducing the currents ap- 
pearing in the equation of activity to a number equal to and so 
chosen as to correspond with the degrees of freedom of the net- 
work, or by adding fictitious currents which correspond to the 
significant branch points. 

The first transformation 1s accomplished by replacing the 
branch currents i, in (4) by circuital currents such as cs by the 
aid of such equations as (5). Rearranging the terms the form 
of the equation of activity may still be kept the same as in (4), 
but all quantities, e, 1, В, L, M, C now refer to complete circuits 
and not to individual branches. 

The second transformation follows from the identity of the 
condition of continuity, in the form 


Фр- Мн я Мр tot аа М»; 1, а =(), Мр= +1 ОГ 0, 
У-(1--1,... І-Ң-т), (7) 


with the condition that а fictitious circuit of zero impedance сап 
experience no resultant electromotive force whatever be the 
currents flowing in the branches 1, 2, . . . r. . . with which 
it has mutual impedances Мл, Mie . . . Mir . . . This 
physical consideration shows that the conditions of continuity 
will be included in (4) by extending the summation to cover 
fictitious circuits of zero self-impedances and with zero mutual 
impedances between cach other and all real branches excepting 
only M;,— +1 when the real branch r terminates in the branch 
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point f, the sign being positive or negative at the positive or 
negative end of the branch respectively. 

To prove the same analytically we multiply each equation of 
(7) by ту, take their sum, differentiate with respect to 2 and add 
this expression, which we may denote by 


d — 20. < єй 
B=- Dir P= “dt > >м» тн 
(о (4), which is permissible since В must be equal to zero. Оп 


differentiating (4) (with multiplier 4 added to ХК, 14?) with 
respect to the real current 4, В introduces the new terms 


di; de; бен 
EINE to (6), and these are precisely the additional 
terms required by the conditions of continuity, since A plays 


the part of an undetermined multiplier. Again differentiation 


, a ее а 
with respect to the fictitious current 1; gives 2 Ф;=0 ог 9;-0, 


the constant of integration being zero, as infinite energy іп the 
fictitious circuits is to be excluded, and these are the equations 
of continuity (7). Thus after the addition of В, equation (4) 
includes all of the conditions of continuity. 

It will be assumed in the subsequent work that the network 
under discussion has been transformed into a set of simple cir- 
cuits, thus reducing the conditional equations to the equation 
of activity. Тһе coefficients occurring in this equation and the 
number of currents entering it will depend upon the particular 
choice of simple circuits, but the general discussion of the net- 
work will be, to a considerable extent, independent of the choice 
of the simple circuit system. In concrete applications it will 
be advantageous, in order to have as few variables аз possible, 
to use the first of the above transformations. In general work, 
however, the second transformation presents the distinct ad- 
vantage of including all branches symmetrically. 


GENERAL EQUATIONS FOR CISOIDAL OSCILLATIONS 

For cisoidal oscillations the preceding theorem may be given 
the following still simpler form: 

The activity of the external sources of power which produce a 
steady ctsoidal oscillation in апу invariable network assumes the 
stationary value which is consistent with the conditions imposed by 
current continuity and the conservation of energy. 
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With cisoidal oscillations the differentiations and integrations 
indicated in the equation of activity (4) may be carried out and 
after dividing by the common factor e?*?! and introducing the 
self and mutual impedances Йа (= 20), Zar (2 = 2а). the 
equation becomes 


4 =n g=n q<r=n а=п r=n 
See Эд Ла 97d he > >t 
4 = 1 4 = 1 r>q=l 4-41 r=1 


The left-hand and the right-hand sides of this equation are 
homogeneous functions of the first and second orders in terms of 
the currents. Comparison with the first and second order terms 
in (4) shows that the right-hand side of equation (8), which is 
the total power taken by the network, may be substituted in the 
general theorem for the power dissipated. Or, since the two 
sides of equation (8) are always equal, the left-hand side, which 
is the power supplied by the sources, may equally well be taken; 
whence the above theorem follows. 

Stationary activity involves stationary driving point impedance 
and the theorem might be restated in terms of the impedances. 

Differentiating equation (8) with respect to each of the n cur- 
rents (after introducing the multiplier 4 for the right-hand side) 
we have for the general equations determining the distribution 
of current: 


Cu d НЕ ақ ар ee De ds +21. 1. = Е 
Za +23 1з......................... +25, І, = Е, 
НИЕ РР Е (9) 
Zap Lb а О Г Eos +Zanln=En 
The currents are therefore 
te Sore 
ral 


where А is the determinant of the impedances occurring as 
coefficients of the currents іп (9) and Ag is the co-factor of 2а, 
in this determinant. Substituting these in equation (8), we 
find that the stationary power, that is the power which is 
actually expended on the network, is 


Sp _А,—А 
Р 5 ЕЕ, = (10) 


q =l С 
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where А, differs from the determinant A only in having each 
element Фа, augmented by Е, Er. 

Self- and mutual-admittances may be substituted for the self- 
and mutual impedances in the right-hand side of equation (8), 
the form of the expression being kept unchanged by simul- 
taneously substituting potential differences for currents. The 
solution in terms of the admittances will then be obtained from 
a determinant in which the admittances enter precisely as do 
the impedances in “4”, For certain problems, as will be 
readily seen, the admittance determinant is much more con- 
venient than the impedance determinant. While the im- 
pedance determinant is made the special object of discussion in 
the remainder of this paper, it 15 to be understood that cor- 
responding applications may be made of the admittance de- 
terminant. 

THE DISCRIMINANT OF A NETWORK 

The discriminant A of a network is defined as the determinant 
having the element Zar in the qth row and rth column; Za being the 
mutual impedance between circuits q and т or the self-impedance 
of circuit qwhen q=r; the determinant to include the self- and mutual 
impedances of the system of simple circuits obtained by eliminating 
the branch points by closing each branch on itself and replacing each 
branch point, in excess of one іп each connected part of the system, 
by a fictitious circuit of zero self-impedance connected by mutual 
impedances +1 and — 1 to the several branches which have their 
positive or negative ends respectively at this branch point. 

This will be taken as the normal form of the discriminant, 
since it 1$ symmetrical in terms of all of the real branches and real 
closed circuits of the network. That it 1s also essentially sym- 
metrical in all of the branch points follows from the fact that 
the value of the determinant is independent of the choice of the 
particular branch points to be excluded. The discriminant A 
is of fundamental importance 1п the discussion of the network 
because all effective impedances of the network may be deter- 
mined directly from its array. 

The degree of A in terms of the actual impedances of the net- 
work is equal to the number of degrees of freedom of the network, 
which is the same as the number of branches, reduced by the 
number of branch points, omitting one in each connected part of 
the system. The determinant A is of the first degree in each self- 
impedance, and of the second degree in each mutual impedance 
when physically considered, that is when the order of the sub- 
scripts is ignored (2,0240). 


pu ommübenl 


ғ» 


Pls 
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The algebraical co-factor of the product of the elements lo- 
cated at the intersection of rows 7, 4, s, . . . with columns 
Е, r,t. . . respectively of determinant A will be denoted by 
Алам 2... =Аа, where а stands for the paired list 78.4” 
.st... The arithmetical value of the co-factor depends 
thus only on the choice of rows J, q, 5,... and columns Ё, r,t... 
which occur in the subscript, while its algebraical sign depends 
upon the sequence of the rows and columns and 15 changed by 
each inversion of rows or columns. It follows that if the same 
row or column occurs twice in the subscript the value of the co- 
factor 15 zero. Where we have occasion to restore опе or more 
rows or columns of the original determinant to a co-factor Aa, 
the elements to be removed from a will be indicated as a divisor 
of the subscript а. Тһе algebraical value of the expression Aa 


is uniquely and completely determined by canccling the de- 
nominator against a part or the whole of the numerator, making 
inversions, if necessary, in the numerator or denominator; in 
case the denominator cannot be entirely eliminated by this 
process the symbol indicates a determinant with 1dentical rows 
or columns, and it is therefore equal to zero. For example: 


Aum —— Agen -- Аз, А123=0, Ages =0, Ап. -- A 
19 19 34 12:21 
Гг; Dzy Dzy А 
(C бл+бечби...)’ (11) 
2 


(Oifg=r 


and Аке $1... = 


ZrZr 3 0, ба, = 
l if 47 


where the differentiations correspond to actual physical varia- 
tions in the impedances and therefore treat mutual impedances 
with interchanged subscripts as identical. 

By applying the following rules the expanded expressions for 
A and its co-factors may be written down directly from the simple 
circuit system replacing the network, without reference to the 
determinant. This method of expansion is often more con- 
venient than the use of the ordinary rules for expanding the 
determinant. 

A is the sum of all possible products in which each circuit is 
represented either by its self-impedance or by its mutual 1m- 
pedance to another circuit, the mutual impedances occurring, 
however, in closed cycles of two or more constituents only, so 
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that the subscripts may be written Ет, mq, qu, . . . wk, 
each cycle introducing the sign-factor + or — according as the 
cvcle contains an odd or an even number of terms; cach cycle of 
three or more circuits also introducing the factor 2 to саге for the 
alternative way of associating the mutual impedances and the 
circuits of the cvcle. 

Ала is the coefficient of Йа in A, i.e., Ада is the value taken 
by A when circuit q 1s removed from the network. 

Aq is the coefficient of Zar after writing A in symmetrical form 
with respect to Zg and 2,4, i.e., Ag is the value taken by A if 
circuits g and r are represented in each product by the mutual 
impedances 1 and 4, respectively. 


EFFECTIVE IMPEDANCES OF ANY NETWORK 

In the theoretical discussion of networks we are concerned 
not so much with particular values of the clectromotive forces 
and currents, as with their relative values. For this reason 
the impedances, which are the ratios of electromotive forces to 
currents, and the attenuation factors, which are either the ratios 
of currents to each other, or of electromotive forces to each other, 
are chosen as the immediate objects of investigation. 

Effective impedances may be defined in various ways, for 
example as: 


potential of point s; minus potential of point sz 
current at point 5] 


(a) 


, 


power taken by any part S» of network 
product of currents at points sg and 5, ” 


(b) 6 


(6=1 ог 3 for self and mutual impedances respectively.) 


(c) 1 product of potential differences points s; Su and sy, Sw 
6 power taken by any part S, of network 


(6=1 or 3 for self- and mutual impedances respectively.) 
(а) The impedances required to make a normal type of network 
of the requisite number of paramcters equivalent to the 
given network under specified conditions of operation. 


As examples of the above definitions we тау instance the 
following: 

The mutual impedance of a transformer is the ratio, with sign 
reversed, of the electromotive force induced in either winding 


(тн 


(Campbell.) 


OTHER AND OF THE DETERMINANT А. 


Fic. 4. Fic. 5. 
| - —. OG ә 
) 
Ја Jor Jrq Jr ° Ka Ге = Г Қ, 
> 
Та’ 222 288%, 02 
J, (Kg o Ky) coth Г + (К,-Кд) 
желе 2KoK, 
Jq (Ag+ Kp coth I-(K,—-K,) 
747-7? 2K4K, 
- re. — sinh Г 
2 hok 
зы с E —"—t— 
i 
K+ K r KK 
; Jat Jar p "inler 4 
К+ К Г К.-К ) 
Jr Л = tanh — —-— 
2 2 
| K+ К, 
| 2sinh P 
2K,.K, 


р A gq-rr 
A qq 
Арзуу 
4. Аш 


| Ja JV Я 
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cosh"! 
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Г 
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r 
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2K,.K, . 
K,+K, sinh Г 


К.-К, 


K+ K 
СОР M 


К.-К, 
2 


4" coth Г- 


_ Ка+ К» 
251пһҺГ 


iz: 4 (ente). Ary—A aq 
A qq.rr 2 А qq-rr 2 A qe-rr 
\ н (2). А-А 
А qq-rr 2 Á qq-rr 2 А qq.rr 
Ag Aye 
2A cr 


cosh’! 


"a. 


-em = 


Шо CAMPBELL: СТ. 


ШЕЛ current flow 
zi carin (a) if the s 
лыны below the р 
ШИЛИК use is made с 
T apresio, formula 

cin terms of the im 
Easson into its indis 
ЕШ impedances d 


хал example of definit 
Те We are Concerne 
ам wish to replac 
ЖШ the required thr 
^5: which are ordinari 
тет and the art 
2. are given in th 


ШЫ ш impedances қ 


Tether reu 3, and 
| д 10 


ш 


à single Circuit 
m x Current ratio 
Өт (е; incerte 


ding 
| t LET аге с 
& Wintdaneo; as the 


ke n \ 


1911] CAMPBELL: CISOIDAL OSCILLATIONS 801 


to the inducing current flowing in the other winding, which falls 
under definition (a) if the secondary is open-circuited. 

In discussing below the power taken by the actual resistances 
іп a network use is made of definition (0) in formula (26). 

The expression, formula (10), for the total power taken by a 
network in terms of the impressed forces, gives, on breaking up 
the expression into its individual terms, а set of self-impedances 
and mutual impedances defined іп accordance with definition 
(с). 

As ап example of definition (а) we тау take the important 
case where we are concerned only with two accessible circuits in 
а network and wish to replace the given network by a normal type 
having only the required three complex parameters. The normal 
networks which are ordinarily emploved are the “Т”, the “ IT,” 
the transformer and the artificial line and for these the effective 
impedances are given in the following table, together with the 
simple circuit impedances which equal the driving point imped- 
ance in either circuit S; and S, and the driving-driven point im- 
pedance of a single circuit Sy which would give the electro- 
motive force -current ratio actually obtaining when the electro- 
motive force is inserted in q (or r) and the current is mcasured in 
r (or q). Ja Jr, Ja are called the primary, secondary and 
mutual impedances as they correspond to the primary self- 
inductance, secondary sclf-inductance, and mutual inductance 
following established scientific usage. This terminology is 
employed throughout this paper, as its extension to three or 
more circuits is obvious and symmetrical, and it seems to be the 
only logical system. Мапу electrical engineers, however, call 
H, I, Но! (Н being taken with inductive reactance) the 
primary impedance, secondary impedance апа primary ad- 
mittance, in case the assumed ratio of turns is 1 to l. 

The table refers to the general case where the two circuits 
are not symmetrical, but the formula are in such form as to 
facilitate reduction to the special case of symmetrical circuits. 
In this table different letters arc employed for the various 
effective impedances thus somewhat reducing the multiplica- 
tion of subscripts. 


ELIMINATION OF CONCEALED CIRCUITS 
In general we may divide а network into a conccaled and an 
accessible part and it is convenient to eliminate the former from 
explicit appearance in the impedance determinant А when we 
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are concerned only with the effects which are produced in the 
accessible part of the network due to causes which are likewise 
confined to this part of the network. 

Elimination of a group of concealed circuits (or of any circuits 
which contain no impressed forces) from explicit appearance in A 
is equivalent to the substitution of new effective impedances 


4! 
Jue IN MEE 


between accessible circuits 4 апа г where a stands for the pro- 
duct of the original self-impedances of the accessible circuits. 


To prove this we notice that the set of Kirchhoff electromotive 
force equations for the concealed circuits taken alone give 


| | с=апу concealed circuit 
Г. = —- > LA... where 4 ғ-апу accessible circuit 
x-any circuit 


which substituted in the electromotive force equation for any 
accessible circuit 4 make the new coefficient of 7, in this equation 


Jor =Lart~ 4 Dor eae 2.1 "46 ҚАР ^cy-] 


after sctting х=а 


Аа Да 
DER. ет же р . Sv А 
saa ет is Jr аз A is symmetrical (12) 


Ла, is thus the new effective mutual impedance (or self-im- 
pedance if g=r) between accessible circuits 4 and 7. 

In the important case where all but two of the circuits are 
eliminated, we have 


A rr 
J мы сд 
44 А Doom 
A 
Ju = “- 13 
А 44-7” ( ) 
Л = ой 


Agr 
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And if but one circuit g is regarded as accessible, the driving 
point impedance of the network to an electromotive force in- 
serted in that circuit, is 


= (14) 


If we eliminate the circuits corresponding to all of the branch 
points and to an equal number of the branches which are con- 
nected to these branch points but do not form any closed circuit 
among themselves, it may be shown that: А. =1; the new effec- 
tive impedances are equal to sums and differences of the original 
impedances with coefficients which are 0, +1, or +2; the circuits 
which are not eliminated are equal in number to the degrees of 
freedom of the network. The case falls under that directly 
derived above by the use of circuital currents. 

If A, =0 the method of elimination fails, which shows that 
whenever fictitious branch point circuits are eliminated at least 
one branch connected to each branch point must be included 
and that the number of closed circuits formed by the branches 
must not be greater than the excess of eliminated branches over 
eliminated branch points. 

No change is made in the effective self- or mutual impedance 
of an accessible circuit 4 by the elimination of circuits which have 
no mutual impedance with circuit 4. That is 4, -?р Аа since 

qr 
the added g row has but one term Zg which differs from 
zero. 

A concealed branch of admittance Y which 1s free from mutual 
impedances may be eliminated by adding Y to each of the two self- 
impedances and subtracting У from the mutual 1mpedance of the 
two fictitious circuits which replace the terminal branch points of 
the concealed branch. Any number of concealed branches may be 
eliminated in this way; the total self-impedance added to any 
fictitious circuit will equal the total conductance of the eliminated 
branches terminating at the corresponding branch point; the 
total mutual impedance subtracted between any two fictitious 
circuits will equal the total conductance eliminated between the 
corresponding branch points. 

To prove, let the concealed branch impedance be Z=1+Y=A,, 
then, if the self- and mutual-impedances of the fictitious circuits 
correspond to the terminals of this branch are originally Zi, Из 
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and Zi» they become after the elimination of the concealed 
branch 


Aa Z il 
Ji eed. = | =Д\+Ү 
а |+; 2 
Жа IZ» Til 
Jo = a = ү |= 2.4 У 
а Fi Z| 
А« 1212 +1| 
Ji = |= 019 — ү 
в +1 2 


Any concealed part of а network connected to the remainder of 
the network through a group of terminals (branch points) q, v, $,.. 
only (and having the impedance determinant А. or Ag ac- 
cording as the concealed part is taken alone or is taken together 
with the circuits corresponding to the group of accessible term- 
inals) тау be replaced by either of the following: 


(а)  Self-impedances Аа + А. and mutual impedances 
44 


Aa +A, added to the fictitious circuits corresponding to the 
qr 


group of terminals. 
(6) Branches, devoid of mutual impedance, connecting the 
group of terminals in pairs and having the admittances 


— Аа + А... These admittances we will call the equivalent 
qr 


direct admittances of the network. 

(c) Branches radiating from a common concealed point, one 
to cach of the terminals, with self-impedances Ав. + Ag and 
mutual impedances A gg +A s. 

(а) Branches radiating from a common concealed point, 
one to cach of the group of terminals, these branches being 
devoid of self-impedance апа having mutual impedances 
= (А Ba t-A 3rr — 2 А 8.47) +2A 5. 

(е) Branches connecting апу one of the terminals 4 to each 
of the remaining accessible terminals 7, $, . . . , the branch 
connected to terminal ғ having the self-impedance (А.о 
+ Agr = 2 43) Аз and the mutual impedance (Aga, 
Hilar — Ази- Аар) = А) to the branch connected to 
terminal s. 

Substitution (а) is a restatement of the results previously 
established for the case of concealed and accessible parts which 
are not connected the one to the other by mutual impedances. 
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To show that (b) is equivalent to (а) apply the theorem for 
chininating concealed. branches which are devoid of mutual 
impedances to (6); the fictitious circuits corresponding to the 
group of terminals will thereby have their mutual impedances 


increased by Aa +A, and their. self-impedances increased by 
4” 


7 у 2^ 7 4; (^. Caja 


qir 


since the complete summation with respect to г of the bordered 


determinants Аа equals the determinant A, bordered by the 
qr 


row q and a column equal to the sum of all of the fictitious 
circuit columns 7, and vanishes since terms +2 and — т occur 
in pairs and cancel, making the column identically equal to 
zcro. Substitution (b) having been transformed into substitu- 
tion (a) the two are mutually equivalent. 

Substitutions (c), (d) and (e) are readily shown to be mutually 
equivalent to each other and to the original network Бу showing 
that the impedance between any two terminals и and v with all 
others insulated is (A gun +A gor — 2A ра) +A B. 

Тһе direct conductance between two terminals of апу net- 
work, as defined under (5), 16 equal to one-half of the excess of 
the grounded conductance of the two terminals taken separately 
over their grounded conductance when taken together as a 
single terminal. By the grounded conductance of a terminal is 
understood the conductance between that terminal and ground 
with all of the other terminals grounded. Аз grounded con- 
ductances can be readily measured with simple apparatus, this 
alwavs affords one method of experimentally determining the 
direct conductances in any network. 


COMPLETE ELIMINATION OF EITHER MUTUAL IMPEDANCES OR 
SELF-IMPEDANCES 

It is shown by what has preceded that if we retain only a 
group of terminals as the accessible part, апу network may be 
replaced cither by a set of direct impedances connecting the 
terminals in pairs, ог by a set of mutual impedances between 
branches radiating from a common point and terminating one 
at cach of the terminals. In the first case all mutual impedances 
are avoided; in the second case all self-impedances are avoided. 
Applications to the simple transformer are of interest as showing 
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that in these substitutions an open circuit is taken care of either 
by parallel self-impedances which are equal but of opposite signs 
or by infinite mutual impedances differing by finite amounts. 
The substitutions show that a transformer Jı, „Ла, Jis, is equiva- 
lent to either 

(a) The six-branch network directly connecting the four 
terminals, the impedances of which are 

Ji Js 


Ла лл-ЛҰ ЛЉљ- лә JJ 
J» ' | 


Ji : Jia Jia 


(15) 


between the primary terminals, the secondary terminals, each 
of the two pairs of correspondingly poled terminals of primary 
and secondary and each of the two pairs of non-corresponding 
terminals of primary and secondary, respectively. (In Figs. 6 
and 7 terminals 1-2, 3-4, 1-3, and 2-4, 1-4 and 2-3 respectively.) 


LIIS 


Fic. 6 Ес. 7 ; Fic. 8 
Transformer and equivalent networks having four accessible terminals 


Or (b) the four-branch network connecting the four terminals 
to a concealed common point, the mutual impedances being 


љ 4 Q0 7n 


9 , 9 , 4 » 


Ji? 
4 


о + (16) 


between the branches (taken with their positive directions di- 
verging from the common point) which terminate at the primary 
terminals, the secondary ‘terminals, each of the two pairs of 
corresponding terminals of primary and secondary and each of 
the two pairs of non-corresponding terminals of primary and 
secondary, respectively. See Figs. 6 and 8. 

In certain cases a mutual impedance may be eliminated by 
properly augmenting the impedances of not more than four 
branches, without altering the arrangement of branches in any 
way or imposing any restriction as to whcther they are concealed 
or accessible. "These cases are all included under that of mutual 
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impedance between diagonally opposite branches of a generalized 
bridge, by which we will understand a network differing from the 
ordinary bridge only in having the four bridge corners replaced 
by four arbitrary networks; these corner networks may have 
mutual impedances between each other, but the only branches 
connecting them are to be the six branches corresponding to the 
simple bridge. Mutual impedance between diagonally -opposite 
branches іп the generalized bridge 15 replaceable by an equal amount 


Fic. 9 Fic. 10 
` Generalized bridge with equivalent mutual and self impedances 


of self-ympedance in each of the four bridge-arms, added to or sub- 
tracted from the original self-tmpedance of the arm, according as 
the arm connects the branches having the mutual impedance with 
their positive directions concurrent or opposed. (Figs. 9 and 10.) 
An important special case is that in which one arm of the bridge 
15 open-circuited and the network reduces to three branches 
connecting two arbitrary networks otherwise unconnected 
except possibly by mutual impedances. (Figs. 11 and 12.) 
The correctness of the substitution is shown by the fact that 


Or = 1-24 | 
EN [Zar \ 
Fic. 11 Fic. 12 


Three-branch connection with equivalent mutual апа self impedances 


the impedance of every closed circuit is the same before and after 
the substitution, and that this is the most general case is proven 
by noticing: (1), that the generalized bridge becomes an unre- 
stricted network by admitting any number of branches con- 
necting the four corner networks in pairs; and (2), that with a 
single branch added to Figs. 9 and 10, it is impossible to keep 
the self-impedance of every closed circuit the same in the two 
cases for the added branch requires different increments accord- 
ing to the circuit through which it is closed. 
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In the simple bridge circuit there are 15 possible mutual im- 
pedances which may be eliminated by taking as the effective 
branch impedances the six permutations of 


Zi»! — Zi бі», o3d- 19,94 + ZizadZisu - Zisu + 293,94 
+ 13,42 +2 14,32 (17) 


where 1, 2, 3, 4 stand for the bridge corners. The condition for 
a balance of the bridge arms 12, 23, 34, 41 1s therefore always 


Zw! 2и = Zo! Zu (18) 


IMPEDANCE Loci 

It is often of importance to know how the impedances of a 
network will vary if the self-impedances or mutual impedances 
of one or more of the branches of the network are varied over 
lines or areas in any physically possible manner. On account of 
the magnitude of this subject we shall touch on the simplest case 
only, namely that of the driving point impedance with a variable 
impedance added to one branch of the network. 

As the discriminant A and its minors are of the first degree 
in terms of each self-impedance which they contain, it fol- 
lows that the effective impedances of the network, being equal 
to the quotient of two of these determinants, are bilinear 
functions of the individual impedances; thus the driving point 
impedance of a network at circuit 4 is connected with a self- 
impedance Z inserted in any circuit 7 by a relation of the form 

So 20 
ШҮ. E 
where a, b, c and d are constants. 

The property of the bilincar transformation which 1s of special 
importance to us is that it transforms circles into circles, that is, 
if Z be regarded as a variable and be made to traverse апу circle 
whatsoever, the driving point impedance 5 will also describe 
a circle. In making this statement the straight line is included 
as tho limit of a circle so that the loci of 5 and Z may be straight 
lines as well as circles. This property of the bilincar transforma- 
tion is discussed at length in the theory of analytic functions 
and need not be entered into here. 

We are especially concerned with the cases where the locus 
of Z isa straight line such as the axis of reals or the axis of imagi- 
naries, because the first is a variation which it is convenient to 
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make use of in practical measurements апа the second forms the 
extreme boundary realizable with physically possible values of 
the inserted impedance. We shall find it better to replace the 
constants а, 6, с and а by others, such-as the effective trans- 
former impedances or the effective line constants, which have a 
physical significance. 

A network having effective transformer constants Ji, Jo, Jie 
effects the transformation of the half of the Z— plane on the positive 
side of the reactance axis into the area bounded by a circle with center 
at Zi and radius R;: 


7 


а 


(21) 


the axis of reals going over into the circumference of a circle having 
115 center at Z, and radius Ry: 


[Ji] 
ЕРГЕН 


where J,’ is the conjugate of Ja апа |J\.?| the modulus of Js. 
The two circuits cut each other orthogonally at J, and (J; — J\2+ Л.) 
which correspond to open and short-circuited secondary. The double 
points (effective line 1mpedances—far end with sign reversed) are 


Ki) J-J MERE 
K о (7+7)? — 4.712 (23) 
т 2 


Proof: Close the secondary through the added impedance 
Z x, where x is a real variable, and the effective driving point 
impedance at the primary is 

— С йх)-Л ZJ- Л? Z'(Ja+Zx)-Z(J: 4 Z'x) 
n JotZx a Jada Zx Jo rem qu 
(24) 


z = Ji Z’ ) Ji? Z ) 2. 
g (^ Ja Z' — Ja! 2 + (7; Lo “= Jo ZL ( Jot+Zx (25) 


and in this form the expression obviously represents a circle, 
the center of which is the first term, the radius being the 
modulus of the last term, since the variable x occurs only in the 
last factor of the last term and variations in x change the angle 
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but not the modulus of this factor as its numerator is the con- 
jugate of its denominator. If Z= — Z'-i, the inserted im- 
pedance is pure imaginary and we obtain from (25) the constants 
for the boundary circle as given in (21). If Z=Z’=1, the added 
impedance is real and the effective driving point impedance 
falls on a circle with the constants as given in (22). To deter- 
mine the double points substitute Zx —.S = К in the first part of 
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Fic. 13.—Bilincar transformation for a line containing 6.201 wave 
lengths and having the attenuation constant 0.9123 and the line im- 
pedances K,=1762—191 з and K: = 1614 — 781; which maps the half 
plane on the positive side of the imaginary axis into the circle айсе 
with the rectangular ruling mapping into the orthogonal system of circles. 


(24) and solve the resulting quadratic in K which gives the 
values (23). 

As a practical example of impedance loci, consider Fig. 13, 
which shows the driving point impedance of a transmission line 
for a frequency of 1,300 cycles per second, the line containing 
6.201 wave lengths, presenting an attenuation constant of 0.9123 
and having line impedances K,=1762— 191 апа К.=1614 


Digitized by Google 
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— 7814 Юг transmission from the driving point to the receiving 
end and vice versa. The driving point impedances actually 
measured are the points marked by circles near а, b, c and d for 
which the far end of the line was closed through a short circuit, 
through 2,000 ohms, through an open circuit and through a 
capacity of 0.107 mf. respectively. As but three measurements 
are necessary in order to completely determine the three bi- 
linear constants, it was necessary to adjust the four observations 
to the most probable bilinear transformation. It will be seen 
that the corrections which it was necessary to apply to the ob- 
servations were small, being in fact well within the errors of 
observation. The circle a d c e corresponds to the entire imagi- 
nary axis of Z; the arc a b c corresponds to the entire positive axis 
of Z. Circles are also shown corresponding to values of Z 
having constant real components of 1,000, 2,000 and 3,000 ohms 
and constant imaginary components of +1,000 and +2,000 
ohms. The line impedances К, and К. are also shown. As 
the particular line under measurement effects the transforma- 
tion of the rectangular network shown in Fig. 13 into the ortho- 
gonal system of circles, the diagram shows that the driving point 
impedance has the resistance limits 1,270 to 2,640 ohms and the 
reactance limits — 1,070 to +300 ohms. The diagram as it 
stands is sufficiently complete to permit of reading off approxi- 
mately the value of the driving point impedance for any value 
of the impedance Z bridged at the receiving end of the line. 

The following construction will be required below and may 
be proven here. 

The effective joint impedance 5 of two impedances Zi, Za in 
parallel coincides with the intersection of the circles which are 
tangent to these impedances at the origin and have the individual 
impedances as chords. This construction follows at once from 
the circular locus of S for variable modulus of either 21 or 27; 
and the fact that if one of the parallel impedances 4, vanishes 
or the other impedance 2: becomes infinite the joint impedance 
is equal to Z,. This construction is employed in Fig. 15 for 
obtaining 5 from Z, and Z or vice versa. 


DivisioN ОЕ POWER BETWEEN THE RESISTANCES AND КЕАС- 
TANCES OF А NETWORK 

The total power taken by a network is the sum of the powers 

taken by the individual self-impedances and mutual impedances, 

and to determine the division of this power between parts of the 
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network it is merely necessary to find the summations for each 
part separately. As the total power and all of its components 
are directly proportional to the square of the current entering 
the network at the driving point, it is more convenient to con- 
sider, as the immediate object of discussion, the effective 1m- 
pedances which are defined as the ratios of the powers to the 
driving current squared. Accordingly we shall discuss the effec- 
` tive impedances S, U, V i which correspond respectively to the 
total powers taken by the entire network, by the true resistances 
alone, and by the reactances alone. From this definition of 
these impedances it follows that 


н-1 я 
S—~U+Vi= У 5448-55 Nu 


ізі k=l j=l j=l k=j+1 
» п 
> У Hym ы 
U = Rik Ж where Zjk = Rik Р aX jk 
j=l k=l 
n п 
е” Т;Ть 
Vi =1 > У Ха d 
Jk ‘ 
I? 
j=l Есі 


The impedance U corresponding to the power taken by the 
resistances 1n the general passive network may have any argument, 
and any modulus which 1s not greater than the effective resistance 
of the network. To prove: 

Consider an ideal line of zero attenuation containing s wave 
lengths, closed at the far end through a resistance equal in value 
to the line impedance К, with an impedance (R — К) +В in 
series at the sending end so as to make the total impedance at the 
sending end equal їо R+ Bz. А current 1 flowing at the sending 
end gives rise to a current J cis (— 2 т s) at the receiving end 
so that the total power taken by the resistances 15 


Р=(К- К) Р+К Pas (— 47s) 
Therefore 
U-(R— K)+K cis (— 47s) 


an impedance which may obviously assume any argument and 
any modulus not exceeding R with positive real values of K, 
(К— К), and 5. 

The modulus of U can under no circumstances be greater 
than the effective resistance of the network for if this were the 
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case the correlated sinusoidal oscillation would have, at some 
part of each oscillation, a negative total consumption of power 
by the resistances which is obviously impossible when the 
network contains neither sources of power nor so-called negative 
resistances, which are excluded throughout this discussion. 

Іп Fig. 14 5 and К represent the effective driving point im- 
pedance and the effective driving point resistance of the net- 
work, while U and V1 show a possible resolution of the im- 
pedance S into components corresponding to the powers taken 
by the true resistances and the reactances respectively. The 
circle R b c d drawn about the origin with О R as a radius is the 
maximum possible locus of U. If U falls at point b or d the power 
taken by the reactances has its maximum or its minimum value. 

If U falls at R the power taken by the 

с -<22 S , геасбапсов is 90 degrees ahead of the 

4 у; power taken by the resistances and this 
UA case corresponds to the series arrange- 
R ment of a resistance and a reactance. 

(This is for positive reactance; with 


қ negative reactance the lead becomes a 


Fic. 14.—Resolution 
of the driving point im- 
pedance S into the im- 
pedances corresponding 
to the power taken by 
the resistances (U) and 


90 degree lag.) At point с the relative 
phases are reversed, the resistances tak- 
ing power 90 degrees in advance of that 
taken by the reactances; this case, as 
follows from the formulae deduced below 
for parallel circuits, may be realized 


by the reactances (V $); 
Rbc is the extreme 
boundary for U. 


theoretically by the association of a 
pure resistance and a pure positive re- 
actance in parallel. Тһе point of special 
interest is the origin O; if U vanishes the cisoidal powers taken by 
the various resistances cancel each other in the summation for the 
resultant; in the correlated sinusoidal oscillation the power taken 
by the resistances is constant, that 15 the total generation of heat 
in the network does not fluctuate during an oscillation. "This 
would seem to be a property which might have practical applica- 
tion. 

ПА, А, are the maximum and minimum driving point impe- 
dance arguments obtainable from the elements employed іп а пеі- 
work of driving point impedance 5= R--Xi-|Siciso the im- 
редапсе U must Пе in the lenticular area common to the two circle. 
which intersect at the effective resistance of the network (К) and are 
centered at the projections of S on lines drawn through the origin 
at the angles (о — А) and (0- А). 
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Multiply each impedance Z;, in the network by cis (%- ) 


As this leaves the current ratios unchanged the new value of U 


will be 
> > LI 
. с I; Ik 
=1 СО5 À > У 2] CiS бд ІР 
. . I; I, 
— 4 cis А У У “ғ COS 0; dé 


—iScosA— 1 U сі А 
Therefore Uz1U cis (— 4)-Һ5 соз А cis (— 4) 


which expresses the actual value of U in terms of the modified 
value U. We may make 4-4, without introducing any re- 
sultant negative resistance in the network, for the multiplication 


of cach impedance by cis Е — A ) has increased the argument 


of each simple or combination impedance by (z - i), which 


raises the maximum arguments from А to (5 - ixi). The 


extreme possible boundary limit for U will then be the circle 
of radius equal to the new effective resistance or 


Extreme limit for U= |S| cos (+ ;-A) cis и where М is 


any real angle 
= S sin (A; — с) cis (u — а) 


Substituting this in the above equation, we obtain as a necessary 
condition 


Limit for U 21S| cos 41 cis (c — А) + 5| sin (А — ø) cis (u - ài) 


Since the only variable is the unrestricted real quantity и this 
locus for U is the circle of which the center is the first term and 
the radius the modulus of the second term. The first term is 
the point at the foot of the perpendicular let fall from the ex- 
tremity of 5 on the line cis (ø — Àj) and the distance from this 
point to the extremity of А is |[5| cos ø — [S| cos А, cis (о — 41)| 
- 5 cis — Aileos ø cis А, — cos А, cis 6|-|5 sin (4 — 6)|, the 
modulus of the second term. 
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The corresponding proof for the minimum limit is made by 
substituting — (z — is) for Е — i) That the lenticular area 
thus defined is a sufficient as well as necessary restriction is 
proven by the properties of parallcl circuits discussed below. 

We may note that U cannot vanish unless there 15 a range 
of at least 90 degrees in the impedances of the elements entering 
the network. 

All possible distributions of power between the resistances and 
the reactances, with any given total driving point impedance may be 
obtained from two reactive resistances in parallel, and it will now 
be of interest to examine this case in detail. We will assume 
that the impedances Zi, Z2, when connected in parallel are to 
have a given total effective impedance S and a given impedance 
U corresponding to the total power taken by the resistances. 
These conditions give 


2-2,2. 
m Л, 
ya AA A PE. SX. ) 
2 Z1 Za 2 Z1 Za 
_ (AS'-Z'S»,S-rS 
Қ” (За 7-9 nt 


where the first expression for U is in terms of the resistances and 
current ratios and the second expression is found by substituting 
for Z, its value in terms of Ду and 5. 


Let F«|F|cis e U — 215 | 
S- |Slcis а | (28) 
Z = |2|сіѕ 0 


and put the last expression for U in the form 
2FZ*(Z'—S»)zs(ZS'—Z'Sy- — 4|Z S?|sin? (0 — а) 


where subscripts are omitted as the equation applies equally to 21 
and 2; Taking the imaginary part of this equation before and 
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after multiplying by cis (— 0 — в) we have, after dropping the 
common factors 2|F 221 and 21/23 Sisin (0-9) i, 


IZisin (0+¢) — |S'sin (20 — с+ф) =0 
— А =2 5 п (0 – e)sin(04- o) = 1.5[(соѕ(с 4- e)-cos(20-o + ¢)] 


EN sin (20-0 +e) j 
therefore Z = 1.5; їл йт cis 0 (29) 


with values of 9 given by 
“сов (20 — o +g) = соѕ (a +9) +|F+5| 


which is the required solution for 2, and 2.. 
The graphical construction for 
determining S and U when 24 
and Ze are given, or vice versa, are 
sufficiently simple to be of assist- 
ance. The construction rules which 
are readily deducible from the pre- 
ceding work are as follows: 

Given Z, апа 25 to find S and U, 
Fig. 15. Find the impedance S of 
Zi and 4» in parallel and draw the 
circle having 5 as a diameter, on Fic. 15.— Graphical construc- 
this circle locate points d; and tion for determining the effective 
do so that arc Sd,=are c, R, and driving point impedance (S) and 
arc S 42=агс co R where сү, сә and the effective impedance согге- 
В are the intersections of the circle SPending to the power taken by 

А ) . (һе resistances (С) for two im- 
with Zi, 4, and the resistance axis, pedatices Zi and Zs in parallel: 
using 4: and 42 as centers strike 
circles passing through point R. The other intersection of the 
circles is the effective impedance U. 

Given S and U to find Z, and 2. Find the intersections d, 
and 42 of the circle having 5 as a diameter and the normal right 
line bisecting U К, lay off arc сі К=агс 5 di, and arc с; R=arc 
Sd Then Ос, and Ос» are the direction lines for Zi, Za the 
magnitude of which are found by the intersection therewith of 
the circles tangent to O c; and О c which have О S as a chord. 

The vanishing of U requires a difference of 90 degrees in the 
two impedances Z, and 45; if the driving point impedance S 15 
to be pure resistance (- R) we have the important case where 
the parallel impedances are (К+ К i). 
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FREE OSCILLATIONS 


The characteristic feature of free oscillations is that, through- 
out the part of the network over which the oscillation extends, 
the driving point impedance is equal to zero. This follows 
from the fact that as the driving point impedance is equal to the 
impressed electromotive force divided by the current, it vanishes 
when the electromotive force vanishes, provided the current 
does not vanish. The criterion for free oscillations is therefore 


А-0 (30) 


The solution of this equation contains all of the possible values of 
the time coefficient р. Each possible oscillation is aperiodic ог 
not according as р is pure imaginary or not; р cannot be real for 
any actual system, since energy must be dissipated in any 
oscillation which may occur in such a svstem. 

In present day practical applications, complex or imaginary 
values of occur, as a rule, only for free vibrations; but there is 
no inherent reason whv such vibrations should not arise as forced 
vibrations, for that requires only that an alternator be used 
which gives an electromotive force of constant period and 
logarithmically decreasing amplitude. This condition is ap- 
proximately realized by a freely vibrating system which is loosely 
coupled to the network under consideration. 

As an illustration of the application of the method to free 
oscillations, determine the time coefficients (1.е., the free periods 
and associated damping constants) for two coupled circuits of 
impedances Zi, Zs, 412. For this case 


21 Zv 
жт =Z; Z: — 2+5=0 
£i Z: 
=[(2 б,+р) (20, +p 1) +p.) (0 ô2+p i) (20 p 1) +p] 
+k? р? (26/--р i) (26, pi) (31) 


R G 1 М 
where б----, 6 ----, жы п Е E um E 
2L 20?" VLC VL, Ly 
taken with subscripts 1 and 2 to correspond with the circuits. 
For small damping constants 0, 6” (31) may be developed into a 
series of which the first terms are 
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pt=pot— 


Ôi (p-p?) +41" (po?(1—k?)—p2?) +60( po? Lu +r’ (po (1-k?)-p:) | 
2po? (1 — k?) - pi? - 


whore pum У "НЕЕ = шшш (33) 


are the time coefficients which would obtain if the circuits were 
free from all dissipative losses. 

In the special case of two identical circuits (Z;=Z2=Z) the 
determinantal equation becomes А = (2+4) (2- 2) =0 


or REM) bito c. ;70 


R е) 


whence t p= — Casa 


T е ен жем. (34) 


(СМ) С 2(L4 MM) 2С 
without any restrictions as to the values R, L, М, С and С. 


INFINITE NUMBER OF CIRCUITS—EDDY CURRENTS. 


When the number of circuits is increased indefinitely the de- 
terminant A becomes of infinite order. The particular applica- 
tion which at once suggests itself is that of eddy currents in a 
cylindrical core. Consider the core of radius a as being made up 
of a large number т of concentric hollow tubes of thickness a+n 
and radii ga+n, (q=1, 2, . . . n) and take as the driving : 
winding another tube of radius (7+1) а--п which has infinite 
conductivity. Then the impedance for tubes 4 and ғ per unit 
of length is | 


Ф 1 <9 <" < n+l 
" ) S Ir (35) 


О in other cases. 


gn ig (8 4-2: 


таир up Lp 
R 4 T 


(р-- ха?) and inductance 4 и л? а? of the core per unit length. 


with z= —, Rand L being the resistance 
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The driving point impedance of the winding if x 2227-4»? is 
1+х х x Se x x 

| x 2-2х 2х ie лы. 000 2x 

x OX BEY ее X Ox 


х 2x 3х ... ndmÜx тх | 
х Dx Be ... тх аня 
Satie 4 -2лр | 
nti»nti | 1+х x x x 
| х 242% 2х oe 
| " 2x 343x 3x | 
| x 2% 3x 220. п+т?х | 
27 n " 
Pd 1 z (k—1)!k!(n+1— k)! 
=2 пр ЕЕЕ: 
x Uy (n+k)! 
(k!)? (n — k)! 


the transformation of the determinants into series of powers of 
х+2=24-- п? is proven to be correct by its being correct for n = 1 
and 2 and satisfying the difference equations for the numerator 
(М.) and the consecutive values of the denominator (Ри-2, Оһ, 
D, and D, +1) 


№= р, +1 = (n+1) D 
D,- (2n — 1) (1--x) D43 — (n — 1D, 


which are obtained by subtracting the next to the last rows and 
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columns from the last rows and columns and expanding accord- 
ing to the last rows and columns. For n —infinite, 


oN EDE ! 
(k-1) ТА 
S-2zp E 
3 (2 2) * 
Ху 
k=0 
T 
2:ib(sitb 20+ 
=2тр к= ые см шы 
ИТ (22) (21) 
1:64 1 T 36 +... (36) 
ЕТ gaa a У-442ЛУ-44% 


ДУМ = 442 


а сс 
=4тр2 -j> logJov/ — 412 


| 1 М — 4%: 
= 1 ; —— = 
тезі ( T Mj) j 


which are the well known results expressed in Bessel's functions, 
To make the formula perfectly general for any driving winding it is 
necessary only to multiply by the length of the core and the 
square of the total number of turns in the winding and to add the 
impedance of the winding which arises externally to the core. 

This example shows that certain infinite svstems of circuits 
which are ordinarily solved by partial differential equations 
тау be handled by the general determinantal solution, but of 
course when transcendental functions are involved, as in the 
case of eddv currents, the algebraical reduction mav introduce 
some complexity. 

As a further example of infinite systems of circuits take the 
eddy currents in transformer plates gives the following results: 

For a plate of thickness 2a, width w and axial length 7 divided 
into a large number of 2n of sheets of equal thickness and sur- 
rounded Бу a close fitting driving winding of a single turn and 
zero resistance: 
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2 pi | 
фос у= Bes (5,421 1. 


та? 
). M д q, r and д, аз 
above and the driving point impedance at limit n =infinite is 


2p 5% pote | 
S= i = v4zitanh \4 81 (37) 


SKIN EFFECT 
For a cylindrical conductor of radius a, length / and steady 
current resistance R with close fitting return shell of zero re- 
sistance, the conductor being divided into n concentric tubes of 
equal cross section with circuit q comprising adjacent tubes 
4 апа а+1: 


. 2,if q=r<n 
Zqr был ulpn (5, + i e 5%) | 1, if g=r=n 
z nq JE AD 


0, in other cases 


| 2 1.if q=r<n 
with z= О up = ee 0 gm | 1--2, if g=r=n 
р 0, in other cases 


and the driving point impedance at limit я =infinite 15 


МУ 441g 
ы и ИШ сш. (38) 
V — 412 Л, М — 413 


Details of Proof. Regard each hollow cylindrical tube as 
concentrated on its mean diameter, while retaining its actual 
resistance, рп1--та?. This resistance with sign changed will 
then be the mutual impedance between any two adjacent cir- 
cuits, as each tube carnes the difference between the currents 
in the two adjacent circuits of which it forms a common part; 
no other mutual impedances occur, as no other current products 
enter the expression for the total energy. The sclf-impedance 
of the qth circuit is made up of twice this resistance, together 
with the inductance / 4 9; the inductance being found by the single 
turn solenoid formula 47 cross-section -- length, the cross section 
being al+2./gn and the length (1.6., mean circumference) 
being 2T a\/g+n, For the outermost circuit (q—7) this im- 
pedance is to be divided by two, since its return circuit is of 
zero resistance and zero thickness. Тһе impedances Zy are 
thus, as stated above. After removing the factor u pl n +2 Гот 
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each element of determinants A and Ann and placing x=21+n, 


we have 


рын ір) 


k=0 


2-5 —1 0 
1 
x 
-1 245-і 
x 
0 --1 2+5 "NES 
0 0 0 
0 0 0 
2-5 -1 0 
1 
x 
-1 245 -1 
x 
0 —1 2+5 : 
0 0 0 
0 0 0 


n! 


2(b)!(n-b)! ^" 


0 0 

0 0 

0 0 
2+——. al 
-1 а 

0 0 

0 0 

0 0 
2-2 1 
-1 24 *, 


k 


k 
k! (k+1)! (n—k-1)! * 
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the correctness of the series expansions for the determinants is 
readily proven for n = 1 and 2 directly from the determinants and 
then extended step by step to any value of п by expanding the 
determinants according to the terms in the last row and column 
so as to obtain expressions for the denominator (D,) and the 
numerator (№) in terms of the denominator with different 
values of m, viz: 


x 
n—1 


D,= (2+ ) 2. - П,-з 


x x 
м, = (145%) D, — Da-i = Р„+\— (р. = (Ds 1-D&.4) 


which are readily shown, by substituting the above series ex- 
pressions, to be identically satisficd for all values of m. 

Finally replacing x by its value z t+n and passing to the limit, 
п = o0 


(zi) 
(EI)? 
_ АРІ ко 
S= 2 | 
(z 1)" 
k! (k-- 1)! 
k -0 


which is identically formula (38), as the numerator is the series 
for Jo у 4472 and the denominator is the series Юг 


2 Лу 4iz +V- 442. 


SUMMARY 


1. The complex exponential function 1$ shown to be, not a 
symbolic vector representation of the sinusoidal function, but a 
scalar function of fundamental importance in its own right, and 
enjoying algebraical power and encrgy relations as important 
as those of real functions. In order to emphasize the basic and 
distinctive character of the complex exponential function, it is 
given the name “ cisoidal oscillation." 

2. The correlation between sinusoidal oscillations and cisoidal 
oscillations is reduced to a few simple rules which cover power 
as well as currents and electromotive forces. 


824 CAMPBELL: CISOIDAL OSCILLATIONS [April 25 


3. The general law of distribution of currents 1n any invariable 
network is shown to be that of stationary dissipation of power. 

4. The law of distribution of cisoidal currents in any invariable 
network is reduced to that of stationary total power, or to thc 
equivalent condition of stationary driving point impedance or 
admittance. 

5. The cisoidal power is emploved as the most convenient 
means for investigating the division of the instantancous power 
between the resistances and reactances of a network. 

6. The general sqlution for cisoidal oscillations in any in- 
variable network is given in determinantal form and it is shown 
how the various impedances of any particular network may be 
written down at once and how the elimination of concealed cir- 
cuits, mutual impedances or self-impedances may be accom- 
plished. Applications to impedance loci, free oscillations and 
infinite systems of circuits are also given. 


А paper to be presented al the 261st Meeting of the 
American Institule of Electrical Engineers, New 
York, Afril 14, 191]. 
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COMMERCIAL TESTING OF SHEET IRON FOR 
HYSTERESIS LOSS 


BY L. Т. ROBINSON 


The desirability of being able to determine quickly and with 
reasonable accuracy and cost the hysteresis and eddy losses in 
sheet iron for use in transformers and other alternating current 
apparatus 15 fully appreciated and need not be discussed. The 
arrangements that have been devised by various workers along 
this line, some of which have been described,* evince the fact 
that the subject has received much attention from time to time 
and that the methods of testing samples by means of ballistic 
galvanometer or by wattmeter test on complete apparatus are 
not entirely satisfactory. 

The purpose of the present paper is to discuss the question 
generally in the light of practical requirements of the maker or 
user of sheets and to describe means which have been devised for 
making the regular tests, as a result of many years experience in 
meeting shop requirements. 


*I. Epstein, Electrotechniche Zeitschrift, Vol. 21, No. 16, April 19, 1900, 
page 303. 

E. Gumlich and P. Rose, Electrotechniche Zeitschrift, page 403, Vol. 
26, No. 17, April 27, 1905. 

J. А. Mollinger, FElectrotechniche Zeitschrift, Vol. 22, No. 18, 1901, 
page 379. 

Various abstracts from the Proceedings of the Vereindeutcher Elek- 
trochniker E. T. Z., page 520 No. 20, May 19, 1910; page 710 No. 28, 
July 13, 1910; page 826, August 11, 1910; page 654, Aug. 20, 1903; 
page 720, July 27, 1905; page 801, Sept. 19, 1901. 

National Bureau of Standards Reprint 109, Testing of Transformer 
Steel, by Lloyd and Fisher. 

Ваше Electrician, Vol. 62, page 136, 1908. 

J. W. Esterline, Proc. Am. Soc., Testing Materials, Vol. S, page 190, 
1908. 

NOTE.—This paper 15 to be presented at the New York meeting of 
the A. I. E. E., April 14, 1911. Notice of oral discussion or any written 
discussion should be mailed to reach the Secretary before date of meet- 


ing. Written contributions received within 30 days thereafter willbe 
treated as if presented at the meeting. 


825 


826 ROBINSON: TESTING ОЕ SHEET IRON [April 14 


For the purpose of showing the general degree of accuracy 
that can be obtained by the methods described, results are given 
of tests made by ballistic yalvanomcter as well as by wattmeter 
methods using identical samples. 

The general requirements may be summarized as the following: 

1. The accuracy of the test results should be such that the 
error obtained will be small in comparison with the unavoidable 
error in making the test sample represent the actual average 
quality of the material. 

2. The dimensions, weight and treatment of the sample should 
be such that the results may represent the average material from 
which they are taken as nearly as possible. 


3. If without sacrificing unduly other desirable features 
samples can be used that will be uniform in dimensions, weight, 
and method of preparation with those used by others, such 
standard samples should be employed. 


4. The entire operation of preparing and testing samples and 
recording results, should be quickly accomplished and at mini- 
mum expense for material and labor. 


5. The testing should not require the services of specially 
trained experts or the use of delicate special instruments. 


All the above conditions are not completely met by any ap- 
paratus, but we can perhaps make the best progress with the 
general discussion of the problem from the point of view being' 
presented, by describing two complete sets of apparatus which 
are being used. 

The first uses a one-pound (0.45-kg.) sample made up of 
strips 10 by 3 in. (25.4 by 1.27 cm.) in dimensions and designed 
to meet to the fullest possible extent the fourth requirement. 
The arrangement can be easily used to test the standard sample 
referred to under requirement three. 

The second arrangement was designed specially to meet re- 
quirements 1, 2, З and 5 using a sample 3 by 50 cm. and weighing 
10 kg. (22 1b.) Тһе whole arrangement adheres very closcly 
to the Epstein apparatus already referred to and uses the same 
size sample. 

Discussion of the relative advantages and disadvantages of the 
two arrangements together with any comparisons with other 
methods will be deferred until after they have been more com- 
pletely described and relative test results which have been 
made on actual samples are given. 
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HYSTERESIS TESTING OUTFIT FOR 10 By 1-ІМ. SAMPLES 


The set completely assembled is shown in Fig. 1. The 
method employed is that of measuring the watts lost in a straight 
sample using sensitive reflecting dynamometers as wattmeter and 
voltmeter. For convenience this set is arranged to test samples 
having a weight of one lb. (0.45 kg.) in a solenoid with open ends 
returning all the magnetic flux through the air. "The height of 


Fic. 1.—Hysteresis testing outfit 


sample required is about $ in. (19 mm.). On account of the 
fact that the flux is returned through the air the density B, in 
the core varies from a maximum at the center to a minimum 
value at either end of the sample. 

The magnetizing current is furnished by a small motor gen- 
erator set shown in the illustration which is driven from a storage 
battery. The frequency used is ten cycles at the present time 
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and the density is equivalent to B = 10,000 (62 cycles was form- 
erly used when tests were made at В =5,000). A low frequency 
was chosen to reduce as much as possible the eddy current 
loss in the sample so that there would be no serious error in the 
final result. In practice the eddv losses are usually deducted as a 
definite fixed sum for a given kind and thickness of material 
being tested. | 

There аге three windings on the solenoid in which the sample 
is placed, one to magnetize the sample and one to supply the 
potential circuit of the wattmeter. The third winding sur- 
rounds the middle of the sample and the voltmeter is connected 
to this, thus determining the flux density at the middle of 
the sample. The first two windings project over the end of the 
sample so that a small error in the position of the sample with 
reference to the windings will produce no error due to a 
different distribution of flux in the bundle of strips. During 
a test this voltage is adjusted to give a density at the middle 
of the sample which will give a hvsteresis loss corresponding 
to the loss with a uniform density throughout the sample of 
B=5,000 or B=10,000. The smaller density was first used 
(from 1897 to 1909) and this was changed to the higher density 
for tests made since the latter date. The change in density 
was made so that the test results would conform more nearly 
to the changed conditions of use and to make the results ob- 
tained more readily convertible into terms that could be directly 
compared with results obtained by other test methods. 

The terminals of the magnetizing winding are connected di- 
rectly to the generator and the exciting current 15 varied to 
produce the required deflection on the voltmeter. Current 
regulation is by means of a rhcostat and slider in the ficld wind- 
ing of the small generator. 

'The speed of the generator and therefore the cvcles are held 
constant at the proper value during the test Бу observing the 
indications of a liquid tachometer also shown in the illustration. 
The adjustment of motor speed is made by a rheostat in the 
motor field. Fig. 2 shows the wiring diagram of the complete 
arrangement of Fig. 1. 

The scales of the wattmcter, voltmeter and tachometer are 
so arranged that a single observer can conveniently read all of 
them and record the results without changing his position. 

The proper voltage to be used on the sample is determined 
by weighing it on a special balance shown in Fig. 1 at the left hand 
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back corner at the top of the pier. This balance is graduated 
with scales based on a density of 7.8 for standard iron and 
7.5 for alloved iron. These scales connect the voltage with 
the weight of the sample for both densities. A third scale 
gives the multiplier to be used for correcting the wattmeter 
reading to give results for a sample weighing exactly one pound. 
The nearest number of strips required to make up one pound 
is chosen іп weighing so that this multiplier is very near unity. 
The wattmeter scale is either graduated to read directly in 
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Fic. 2.—Connections of hysteresis testing outfit 


watts per pound at one cycle per second, total lossin the sample, 
or this quantity is obtaincd from a table. The graduation or 
the table is so arranged that the loss in the volt coil of the watt- 
meter and in the voltmeter is deducted. As the eddy loss is 
different for different kinds of material this is deducted from the 
final result instead of being corrected for in the graduation of the 
wattmeter scale or in the table. 

The determination of the voltage and number of turns on 
the volt coil required to produce a magnetization of the 
sample equivalent in hysteresis loss to that produced by 
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uniform magnetization throughout the sample was determ- 
ined as follows: Several san.ples were wound with exploring 
coils at various points along their length (usually 21 coils 
were employed) and the samples carrying these exploring coils 
were inserted in the testing coil and the flux densities or B values 
were plotted as ordinates using the distances along the samples 
as abscissa. | 

The ordinate corresponding to each abscissa was then raised 
to a power corresponding to the hysteresis loss exponent and 
the curve replotted. Тһе average of this last curve was used 
to determine the voltage and number of turns corresponding 
to that which would result from a uniformly magnetized sample. 


; › 4 5 6 1 . 
DISTANCE OF COIL FROM END OF SAMPLE IN INCHES 
Fic. 3. 


Exponent 1.6 was used in Fig. 3, which gives the general ap- 
pearance of one of these curves. Тһе final determination was 
arrived at by drawing many curves similar to that shown in the 
figure. The numerous minor details relating to the complete 
experiments would not be of interest here. Ц is sufficient to say 
that a coil located at the center of the sample requires a voltage 
related to that for a uniformly magnetized sample as 1.3 to 1. 

Consideration of the problem led to the conclusion that if a 
method of testing using samples in which the distribution of the 
flux density was so far from uniform could be used at all that the 
proper place for the volt coil was at the center of the sample. 
The sample need not then be very accurately placed with 
reference to the volt coil. The results obtained are practically 
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much more exact and theoretically as good as if the volt coil 
is placed at a point where the turns correspond to the number 
required for uniform mangetization. 

The samples to be tested are inserted into the testing coil and 
withdrawn from it by means of a wooden holder which can be 
seen projecting from the testing coil in Fig. 1. 

From an enormous number of tests that have been made by 
this apparatus during the past ten or twelve years the following 
are selected as representative of the accuracy attainable with 
the device. The speed of operation is very high, 40 samples 
have been tested within five minutes at an expense per sample 
for testing of less than two cents, including punching, an- 
nealing, etc., and the recording of the final results. Іп 
considering the value of the various arrangements that have 
been used for testing sheet iron commercially the extreme 
rapidity and low cost of testing by this method should be given 
some weight. | 

Table I shows the results of tests made оп several samples 
with hallistic tests on some of them for comparison. 

The reflecting dynamometers used with the small set are 
calibrated by means of a shunt and ammeter shown in Fig. 2 
and the volts and watts on the instruments are computed from о 
the resistance of the calibrating shunt and the current read by 
the ammeter. This forms a very convenient and accurate means 
of checking the instruments in place at the frequency of test. 
- The calibrating shunt is divided into two parts having resistances 
suitable for checking the voltmeter and wattmeter and using only 
one ammeter for both measurements. It is customary to make 
such a check once each day or before each set of tests. 


IRON TESTER FOR 10-кс. SAMPLES 50 BY 3 см. 


This apparatus is shown completely assembled in Fig. 4. 
The testing coil or sample holder is shown in a later form in 
Fig. 5. The complete equipment comprises, besides this sample 
holder, a vibrating-reed frequency indicator shown on the left 
of table and a portable wattmeter, voltmeter and ammeter of 
suitable capacity and quality to make the necessary electrical 
measurements with the required accuracy. Тһе ammoeter is 
not necessary. The diagram of connections is shown in Fig. 6. 

The details of the testing coil shown in Fig. 5 are as follows: 
On a wooden frame so built as to avoid warping four solenoids 
are mounted into which the four parts of the sample to be 
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tested are inserted, cach of these has 150 turns of magnctizing 
winding and a second winding of 150 turns for supplving the 
voltage to the potential coils of the wattmeter and voltmeter. 


TABLE I 
HYSTERESIS TESTING OUTFIT 
WATTS LOSS IN SAMPLES 10 BY 4 IN. WEIGHING 1 LB. 


0.014" iron B 210,000 
| H | [is 
c ys. peri H ys. per Percent Percent Epstein 
А. а 
© Total | Eddy рег sec. | per вес. 1 cycle | by sep- by sub- ; watts 
Е Кіпа loss loss by by per sec. | aration traction ' per Ib. 
a of at 10 | at 10 separa- sub- by from from at 60 
т ігоп cycles | cycles tion а ballistic | ballistic ballistic ‚ cycles 
1 Standard 0.205 | 0.042 0.0163 | 0.0173 0 0163 0 +6.14 1.586 
2 7 0.186 | 0.036 0.0150 ! 0 0154 — — — 1.508 
3 2 0.186 | 0.031 0.0155 | 0.0124 -- -- -- 1.537 
4, Ы 0.184 | 0.032 0.0122 | 0.0152 -- -- -- 1.520 
5 s 0.183 | 0.032 | 0.0151 | 0.0151 ! — — em 1.514 | 
6 я 0.168 | 0.031 | 0 0137 | 0.0136 | - =z ies 1.430 | 
7 “ 0.171 | 0.029 | 0.0142 | 0.0139 -- --- — 1.460 
8 * 0.170 | 0.029 | 0.0141 | 0.0138 | — — 8 1.454 
ы 0.172 | 0.034 | 0.0138 | 0.0140 — — — 1.436 | 
10 Т 0.202 | 0.034 | 0.0169 | 0.0170 -- -- -- 1.622 | 
11 Alloyed | 0.131 | 0.024 | 0.0107 | 0.0110 | 0.0108 | —0.93 | +1.85 0.822 
12 * 0.144 | 0.016 | 0.0128 | 0.0123 | 0.0123 | +4.08 0.00: 0.945 | 
13 З 0.141 | 0.019 | 0.0192 | 0.0120 | 0.0123 | —0.82 | —2 44 0912 
14 к 0.138 | 0.023 | 0.0115 | 0.0117 | 0.0116 | --0.86 | +0.86 | 0.870 | 
15 “ 0.137 10.021 | 0.0117 | 0.0116 | 0 0117 0 —0.35 10.852 | 
16 2 0.133 0.022 | 0.6111 0.0112 -- - -- 0.816 | 
17 “ 0109 0.018 | 0.0091 0.0088; — E — 0.726 
18 6 0.141 0.020 | 0.0121 0.0120 — — — 0.906 | 
19 2 0.128 0.025 | 0.0103 0.0107 -- E E 0.799 
20 т 0.093 0.024 | 0 0069 0 0072 -- -- — 0.612 
2] ы 0.093 0.024, 0.0069 0.0072 -- -- -- 0.612 | 
22 . 0.005. 0.023 | 0.0072. 0.0074 | — = -- 0624 | 
23 “ 0.093 0.023 | 0 0070 0.0072 -- — = 0 612 | 
24 Е 0.09 0.019 | 0.0070 0 0068 -- — — 0. 558 


| [] 

The eddy losses used in computing column No. 6 are 0.032 for standard and 0.021 for 

alloyed iron. These are the average values obtained by separating upwards of 100 samples 

of each kind of iron. The eddy losses used in computing column No. 10 are 0.608 and 0,180 
for standard and alloyed iron respectively. 


Total number of turns on cach winding 600. These windings 
are laid on at the same time so that they will have exactly 
the same number of turns located in the same relation to 
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the sample. By this means a voltage corresponding to the 
flux wave of the sample is impressed on the wattmeter and volt- 
meter and complicated corrections for the J К drop and the 7? R 
loss in the magnetizing winding are eliminated.* This arrange- 
ment has been quite generally adopted by those making 
wattmeter loss measurements in iron samples and is of the 
greatest advantage in securing convenient and accurate measure- 
ments. The advantages of the arrangement are of increasing 
value as the tests are made at higher magnetic densities where the 
I R and ГВ corrections in any kind of winding become larger 
and where the error due to changed resistance of magnetizing 
winding due to heating becomes important on account of the 
large increase of magnetizing current required. 


Fic. 4.—Apparatus for testing sheet iron 


To protect the ends of the coils hard fibre caps are placed 
over the ends into which the windings are inserted, these end 
caps are also used to fasten the solenoids to the frame. The 
four-part sample is assembled into the windings by placing the 
first portion of the sample against the fibre block shown in the 
lower part or right hand corner of Fig. 5. This block is cut 
in such a way that the joint in the sample is completely exposed 
to view whether the parts of the sample are inserted by passing 
around the frame in clockwise or counter clockwise direction. 
The other three joints require no blocks and all the joints are 
therefore completely exposed. Тһе samples are clamped in 
place by the four hinged arms shown extending from the center 


*See С. P. Steinmetz, Transactions, А. I. E. E., Vol. 9, 1892, p. 64. 
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of the frame and held down by hooks engaging in rollers on the 
flat phosphor bronze springs below the hinged arms. The form 
of the hook and the general arrangement is such that the clamp- 
ing blocks on the edge of the arms are forced down on the ends 
of the sample with sufficient and definite pressure and still 
there is no danger of clamping the joints too tightly and there- 
fore increasing the losses in the corners. As compared with the 
original method of clamping shown in Fig. 4 there is a small but 
appreciable advantage that shows itself in the ability of the 
observer to repeat his measurements on a given sample with less 
variation among individual observations. This is particularly 


Fic. 5.—Apparatus for testing sheet iron 


true when the observations are made by one who is not constantly 
engaged in testing with the device. 

Before the joints at the corners are crowded together a piece 
of tough paper or fiber about 0.005 in. (0.127 mm.) 1n thickness is 
inserted between the joints. Тһе purpose of this paper 15 to 
prevent the exposed end of the laminations being forced into the 
spaces between those in the adjacent side of the other part of the 
sample and to prevent the formation of eddy currents at the 
corners which may not be confined to the thickness of the 
laminations if the paper 15 not used. The certainty of the mea- 
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surements is thereby improved by a small but definite amount 
over the results which are obtained without the paper in the 
joints. This improvement is of course accomplished at the 
expense of some increase of leakage flux at the corners and 
consequently greater departure from absolute uniformity of 
flux distribution along the length of the sample, also the con- 
ditions imposed upon the wattmeter are morc severe as the 
general power factor is lower. The flux distribution over a 
section of the sample is more uniform with the paper. The net 
result’ is a definite gain in accuracy. The corners are finally 
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_Fic. 6.— Connections of apparatus for testing sheet iron 


forced together by means of a block of wood with a V notch in 
the'end,in order to get the joints as firmly together as possible. 

The voltage and frequency are adjusted to the proper values 
and the watts lost in the sample and instrument potential cir- 
cuits is read. For convenience the total loss per pound (0.45 kg.) 
at 60 cycles is read directly from a table like Table II. Тһе loss 
may be expressed as hysteresis loss alone by the usual method 
of separating, using two or more frequencies or generally with a 
sufficient degree of exactness by deducting the proper amount 
from the total loss at 60 cvcles using the average eddy loss de- 
termined from a number of previous separations on the same 
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kind of material. The proper amount of material to be used in 
the four legs of the sample holder is determined by weighing 
the material in two portions, usually one cut with and the other 
across the grain, of 11 lb. (6 kg.) each. The weighing is made 
to the nearest even sheet and each of the 11-lb. bundles 1s sub- 
sequently divided into two equal parts by balancing the 
parts against one another. 

The following table No. III gives comparison of ballistic 


TABLE II 

TOTAL IRON LOSS PER LB. АТ 60 CYCLES B «10,000 

FOR VARIOUS WATTMETER READINGS 
FOR 22 LB. SAMPLE ALLOYED IRON (SP. GR. =7.5) 
Resist. of voltmeter 21800 ohms (approx.) 
Resist. of wattmeter 218500 ohms (approx.) 
Resist. of potential coil of apparatus 27 ohms (approx.) 
Voltmeter connected when reading watts 


| Watts read | 0 0.1 0.2 | 0.3 0.4 | 0.5 


------------  ——ї—:-—-———-———-+—-————-———— rn а 


24 0.529 0.534 0.538 0.543 | 0.547 | 0.552 | 0.557 ' 0.561 | 0.566 , 0.570 
25 0.575 0.580 0.584 0.589 | 0.593 0.598 | 0.603 0.607 | 0.612 0.616 
26 0.621 0.626 0.630 0.635 , 0.639 0.644 0.649 | 0.653 | 0.658 , 0.662 
27 0.667 0.671 0.676 0.681 0.685 ! 0.690 | 0.694 | 0.699 | 0.703 | 0.708 
28 0.713 0.717 0.722 0.726 0.731 0.736 | 0.749 | 0.745 | 0.749 | 0.754 
29 0.758 0.763 0.763 0.771 , 0.776 | 0.781 | 0.786 0.791 0.795 | 0.800 
30 0.804 0.809 0.813 0.818 | 0.823 0.827 | 0.832 | 0.836 | 0.841 0.845 
| 31 0.850 0.855 0.859 0.864 | 0.868 0.873 | 0.878 | 0.882 0.887 | 0.991 
| 32 0.896 0.900 0.905 0.910 0.914 0.919 | 0.923 | 0.928 | 0.932 | 0.937 
| 33 0.942 0.946 0.951 0.955 | 0.960 0.965 | 0.969 | 0.974 | 0.978 | 0.983 
34 0.987 0.992 0.997 1.001 | 1.006 | 1.010 | 1.015 | 1.020 | 1.024 | 1.029 
35 1.033 1.038 1.042 1.047 | 1.052 1.056 | 1.061 | 1.065 | 1.070 | 1.074 
| 36 1.079 1.084 1.088 1.093 1.097 1102 ' 1.107 | 1.111 ' 1.116 | 1.120 
37 1.125 1.129 1.134 1,39 1443, 1.148 1.152 , 1.157 1.161 | 1.166 - 
| 38 1.171 1173 1.180 1.184 , 1.189 | 1.194 1.198 | 1.253 | 1.207 | 1.212 
| 39 1.211 1.216 21221 1,225 1.230 1.234 | 1.239 | 1.244 | 1.248 | 1.253 
| 40 1.262 1.267 1.271 1.276 ' 1.281 1.285 | 1.290 | 1.294 1.299 | 1.303 | 


| . 


determinations with those оп the 50 Бу 3-cm. samples. Тһе 
ballistic measurements which were made on the various samples 
for comparison were made by a method substantially like that 
first described by Vignoles*, and will not be referred to in detail 
here. Three windings were placed on the samples one for con- 
nection to the hallistic galvanometer and the other two for carry- 
ing the samples through the magnetic cycle. 


*Electrictun, (London) May 15, 1891, Vol. XXIII, | page 49. 
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Тһе eddy used’ in computing column No. 6 are 0.608 and 0.108 for standard апа 
alloyed iron respectively., 


*Results obtained by using reflecting instruments on two of above samples. 
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Experience has shown that the method of testing using а step- 
by-step method as originally used by Ewing sometimes gives 
results that are not the same as those obtained on identical 
samples when tested by the wattmeter method. On the other 
hand ballistic measurements by the method employed usually 
show very close agreement with wattmeter tests. Тһе bal- 
listic tests made оп the straight strips of both the one-lb. 
and 22-lb. samples were taken on the samples assembled with 
lapped joints and not with butt joints or in the open end testing 
coil which was used in the actual wattmeter testing. 


Fic. 7.—Apparatus for testing sheet iron. 


22 №. sample in test 

Generator TH Form А18 

A, wave of e.m.f. on magnetizing winding 
B, wave of induced e.m.f. in volt winding 
Upper record, B in sample =10,000 

Lower record, В in sample = 15,000 


Any generator that gives a sine wave under the small load 
used is suitable for testing the 22-Ib. samples. Тһе generator for 
the small set using the one-lb. samples is special because of the 
low frequency and low voltage employed. 

The wave of e.m.f. used on the magnetizing windings of the 
large set and the wave of induced e.m.f. in the volt winding are 
shown in Fig. 7. It will be seen from inspection of the waves 
that the original wave of e.m.f. impressed on the magnetizing 
winding is satisfactory and that the apparatus is so constructed 
that there is no appreciable distortion in the flux wave in the 


| 


1911] ROBINSON: TESTING ОЕ SHEET IRON 839 


sample under test. Form factor has been computed for the 
waves and shows them to be sinusoidal within the limits of error 
of the measures. 

The inequality of distribution of flux along the large samples 
does not amount to more than 8 percent.* The resulting error 
from this cause does not exceed a fraction of one per cent. 

It may be of advantage to give results of some tests on rings 
made by the ballistic method and also by using wattmeters. 
These results show that under conditions that may be consid- 
ered free from any errors due to assembling cut samples in various 
forms there is а good agreement between the results obtained 
by wattmeter separation and by ballistic measurements. Al- 
though this may not show anything very definite 1% shows that 
the results obtained іп testing the cut samples are either correct 
or else that the ballistic determinations are affected to the same 
degree and in the same direction as the wattmeter measurements 
Table VI gives results in detail. 


TABLE IV 


APPARATUS FOR TESTING SHEET IRON 
WATTS LOSS PER LB. IN 22LB. EPSTEIN SAMPLES. 0.014 ALLOYED IRON 


В 215 
Sample Total loss Eddy at Hys. per cycle at 
No. at 60 cycles ; 60 cycles 1 cycle per sec. 
| | | 
| 1 1.938 | 0.204 | 0.0289 
| | 


| 2 1.969 0.265 | 0.0284 

The requirements imposed on the wattmeter in testing on both 
sets are somewhat severe because of the low power factor. This 
is about 30 per cent at В = 10,000 to 10 per cent at B= 15,000 оп 
the large set and 10 per cent on the small set. Тһе reflecting 
dynamometers are constructed in such a way as to be free from 
any error due to low power factor, this point has been checked 
by testing them on an ironless reactance of carefully stranded 
conductor and the portable instruments of commercial type 
have been tested by comparison with the rcflecting instruments 
and show по sensible error under the conditions of use. 

These portable instruments are constructed to give full scale 
deflection with about 25 per cent power factor, and hence give 
a much larger deflection when used on this work than could be 
obtained on instruments built to meet the ordinary requirements 
of testing at high power factor. 

. Before passing to a discussion of the results obtained with refer- 


*From results communicated by A. B. Hendricks. 
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ence to the requirements first outlined table V will be referred to 
which is convenient for transforming results which are given in 
different terms to the same basis. By mcans of this table the 
results expressed in any of the usual terms may be readily con- 
verted into any other form. Such a table must of course in- 
clude average eddy determinations as it has been the practice to 
sometimes state the result in hysteresis loss alone or to sometimes 
give total loss. Considering the fact that eddy loss is largely 
a function of the apparatus in which the iron is used and not 


TABLE V 
CONVERSION TABLE 
FOR ALLOYED IRON SPECIFIC GRAVITY =7.5. MULTIPLYING FACTORS 
FOR COMPARING RESULTS OF IRON TESTS QUOTED ON VARIOUS BASES 


TO Hys. watts Hys. watts Epstein Epstein Hys. 
per Ib. per lb. total total Hys. ergs. per 
per cycle per cycle watts | watts ergs. gram 
at ] cycle at 1 cycle рег kilo. per Ib. per cm. per 
FROM per sec. per sec. 50 cycles 60 cycles er cycle cycle 
~ B 25,000 B. = 10,000 B210,000 B -10,000 210,000 B 210,000 
Нуз. watts per : x333.3 X181.8 ; 
lb. per cycle at Ж500,980 Х66,797 
1 Um per sec. x 3.03 + 0.275 + 0.18 
В 25,000 
Нув. watts per X110 x60 
lb. per cycle at x165,340 x22,045 
1 eu per sec. 
| B =10,000 хо 33 +0.275 +0. 18 
| Epstein total — 0.275 — 0.275 x 0.5415 —0.275 — 0.275 
watts per kilo. + 0.03 “1,504 200.5 
/ 50 cycles | 
B =10,000 x0.0030 х 0.00909 
Ерзісіп total — 0.180 — 0.180 x 0.03 —0.180 — 0.180 
‚ watts рег Ib. Х367.5 
60 cycles 
B =10,000 Х 0.0055 Х 0.0167 Х 1.835 Ж2.126 
Пув. ergs. рег X 1.996 x 6. 042 x665 *x2363 : 
cm. per cycle x 104 х 10% х0.1333 
В = 10,000 x 10+ x 104 + 0275 + 0.180 
Hys. ergs. per 14.97  xX45.35 4,988 «2,723 
gram per cycle x 10 x10-$ Х7.5 
5 = 10,000 >< 10-4 x10 + 0.275 + 0.180 


wholly a function of the material; it is, unless separation tests 
are made on all samples, as accurate to convert test results from 
one form to another by this table as it is to give the results of 
total loss determination alone. The only reason that total loss 
determinations are of valuc in connection with any sort of testing 
apparatus is that the eddy loss is near enough constant so that 
the total loss 15 approximately a measure of the magnetic quality 
of the material. It must be borne in mind that close agreement 
between total loss measurements on any given apparatus does · 
not mean that the accuracy is sufficiently good for practical 
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purposes unless the separated eddy for a given material 15 near 
enough to a constant value to make the hvsteresis loss de- 
termined by subtraction very nearly that which would be ob- 
tained if actual separation was alwavs made. These statementsare 
made on the assumption it would not be permissible to consider 
any test as a test commercially possible which required several 
readings and a consequent separation by usual methods. 

Some idea of the relation between the tests on individual 
samples and the gencral quality of the material under test can be 
obtained when it is stated that samples 1, 2, 3, 4 and 5 of table VI 
are from the same lot of material. The mean value of all of 
these samples is 1.27 and the difference between the highest and 
lowest is 0.008 or a variation of 3 per cent from the mean. Re- 
ferring to table III there are also five samples from one lot of 
material, 172., 7, 8, 9, 10,11. The mean value of the measure- 


TABLE VI 
WATTS LOSS PER LB.IN 20 LB. RING SAMPLES 0.0147 ALLOYED IRON B =10.000 
Hys. per Нуз. per Per cent 
Total cycle at cycle at Variation 
loss Eddy | 1 cycle 1 cycle hys. by 
at at per sec. per sec. separation 
Sample 60 | 60 , зу from 
No. cycles cycles separation ballistic ballistic | 
1 0.932 0.158 0.0120 0.0125 +3.20 
2 ` 0.943 ‚ 0.193 0.0125 0.0126 --0.80 
3 0.963 0.177 0.0131 0.0131 0.00 
4 0.953  ! 0.191 0.0127 0.0126 +0.80 
5 0.922 0.184 0.0123 0.0121 +1.65 


ments on these 16 1.21 the variations between the highest and 
lowest 0.005 or about 2 per cent from the mean. Reference to 
table No. 1 shows five samples Nos. 11, 12, 13, 14 and 
15, from one lot of material tested on a small set having 
a mean value of 1.18 a variation between extremes of 
0.021 or 9 per cent from the mean. This variation is al- 
most entirely caused by sample No. 11 but this could not be 
excluded and shows one disadvantage of the small sample, 
unless care is taken to distribute the punching throughout the 
material to be tested. It 1s believed that in this way just as 
accurate results can be obtained as with larger samples and they 
may be easily chosen from different parts of the lot of steel so as 
to obtain an accurate measure of this quality without com- 
pletely destroying the sheets for the purpose for which they are 
tobeused. The samples referred to in the tables were not chosen 
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with any definite purpose of determining the quality of the ma- 
terial from which they were taken but were simply selected to get 
comparative tests by different methods. 

All the samples were annealed after cutting and before testing. 
Of course the disadvantage of the small samples becomes very 
great if the testing of the samples must be done before annealing. 
As a workshop method there can be no advantage of testing 
without annealing, but for a standard method a sample should 
be chosen of dimensions such that the cutting does not change 
the quality by an appreciable amount. More recently it has 
become the part of certain requirements to give test results 
for B=15,000. Table IV shows results at this density on 
sample two with the total and separated loss measures. Тһе 
advantages of the separate volt winding becomes quite apparent 
at this density also reference to Fig. 3 will show that the small 
set is not applicable to testing at this density. Тһе details of 
the separation tests that were made on the various samples will 
not be given further than to state that on the small set 10, 13, 
16 and 19 cycles were used and on the 22-lb. samples 25, 30, 
40, 50 and 60 cycles were used. It is believed that separation 
at two extreme cycles is satisfactory but in this particular work 
it was felt that some degree of precision was added by making 
observations at two or three intermediate frequencies. 

In giving results of tests made by the two arrangements which 
have been described it is not possible to include more than a small 
part of the total number of samples that have been tested. It 
may be well to call attention to this point before passing to the 
conclusions as it will no doubt be impossible to exclude from 
consideration results that are not referred to in the tables. 
The tables thercfore should be accepted as a general indication 
of the results obtained rather than representing sufficient data 
from which conclusive averages may be derived. In no case 
have conclusions affecting the procedure to be followed in the 
work been reached on a basis of less than 100 samples tested 
and usually many times this number have been considered. 

The accuracy that can be obtained in testing the one-lb. 
samples should be considered as subject to a possible variation 
of 5 per cent from the actual hysteresis loss in any given sample. 
As the eddy loss in testing this form of sample has no direct 
connection with the eddy loss that would occur in completed 
apparatus statement of total loss determinations in the open 
end testing coil cannot be considered. The apparatus which 
tests the Epstein samples will give total loss within about 2 per 
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cent of the true value and hysteresis loss without separation 
usually within somewhat closer limits than figures given for the 
small set. Due to the fact that the eddy loss found in testing the 
Epstein samples represents very nearly that which is found in 
ordinary transformers, total loss determinations оп the 22-lb. 
samples have some value without deducting the eddy. On the 
whole the accuracy with this arrangement must be considered 
superior to that obtained in the open end testing coil. 

The accuracy obtainable with either arrangement is believed 
to be well within the limits of the ability of the producers of 
sheets to secure uniformity of product and of designers to produce 
definite results with material of uniform and known quality. 
We are speaking now of the errors in testing individual samples 
and of course in speaking of material and apparatus we must 
use the same terms and consider that single sheets of material 
and individual transformers, for instance, are referred to. We 
may then consider that the accuracy with either method is 
satisfactory and take up the other requirements which were 
referred to in the beginning of the paper. 

The accuracy of sampling with the 22-lb. sample is within 
3 or 4 per cent for fairly uniform material. The accuracy of 
sampling with the one-lb. samples may give errors as much as 
10 per cent but this can be reduced by careful attention in choos- 
ing the samples. It is more difficult to reach a definite conclu- 
sion on this point than on any other and to support any opinion 
by properly arrayed facts. It would seem fair to state that 
five of the small samples may be so chosen as to give a result 
as good as could be obtained with one of the 22-lb. samples and 
destroy less material for the test. 

With reference to the third requirement it should be possible 
to directly compare results obtained by different methods without 
the necessity of recourse to ballistic galvanometer tests. On 
account of the extensive use that has already been made of 
Epstein apparatus it would seem that not much argument is 
required to show that the 50- by 3-cm. sample should be chosen 
as the standard size and that any standard method of measure- 
ment should be based on testing а sample of this dimension 
either 22-lb. at once or in several parts. In this way all con- 
siderations of the preparation of the material can be made 
general and will affect all the tests alike. While the method of 
measurement which uses the open end testing coil has not been 
employed commercially to test the samples of larger dimensions, 
it has been shown experimentally that it would be equally satis- 
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factory in operation using a definite portion of the complete 
22-lb. sample. 

With reference to the fourth requirement it is difficult to give 
estimates of the cost of testing by the various methods which 
have been proposed. It is believed that including the cost of 
material the expense per sample tested would be at least 10 to 
20 times with the modified Epstein arrangement what it would 
be with the small set. Оп the other hand the successful em- 
ployment of the small set so far requires the use of a steadv pier 
and instruments which are not to be considered as ordinarily 
suited to workshop requirements. As a final conclusion it is 
felt that the small set is eminently suited to such situations as 
require a very large number of tests where the cost of the 
labor and material in testing 1s important. Such situations 
would usually permit of the employment of at least one man with 
the necessary degree of intelligence and experience to keep the 
accuracy of the results within required limits. 

For situations where the total number of tests to be made is 
not sufficient to maintain a permanent organization for the 
work the Epstein arrangement is most satisfactory and it is 
believed that the form described is in some respects superior 
to the original arrangement. The amount of material required 
is somewhat large but the results obtainable are accurate enough 
to leave nothing desired from this point of view. The whole 
equipment 1$ strong and can be operated by any one of ordinary 
intelligence and without special training. Because this method ` 
possesses the above desirable features to a marked degree it 
should become ultimately the universally accepted standard 
method of testing. 

It would not be proper to leave the subject without referring 
briefly to the method of testing which has already been cited 
in the reference on the first page of this paper and which was 
developed by the National Bureau of Standards. The accuracy 
obtainable by this method 1s undoubtedly superior to that of 
any previously described and the method therefore marks a dis- 
tinct advanceintheart. Theincreasein accuracy over previous 
methods similar to those described is not sufficient to be of im- 
portance in practical work. The use of this apparatus it is be- 
lieved will be found chiefly in connection with accurate research 
work on relatively small samples of material. The added ac- 
curacy is obtained at the expense of increased length. of time 
required to assemble and test the samples. 
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Annual Meeting of A.I.E.E. in 
New York, May 16, 1911 


The Annual Meeting of the American 
Institute of Electrical Engineers will be 
held in the auditorium of the Engineers’ 
Building, 33 West 39th Street, New 
York City, on Tuesday, May 16, 1911. 

The Board of Directors will present its 
report for the fiscal year ending April 
30, 1911. The report will include а 
detailed statement of the financial 
status of the Institute, and will give a 
summary of the work accomplished by 
all of the standing and special com- 
mittees during the year. 

At this meeting the result of the 
membership vote for the offices tobe 
filled for the ensuing administration 
year will be announced. The officers 
to be elected are: the President; three 
Vice-Presidents; four Managers; the 
Treasurer; and the Secretary. 

The main feature of the program 
for the evening will be the ceremonies in 
connection with the presentation of the 
Edison Medal to Mr. Frank J. Sprague. 
Further details regarding these cere- 
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monies will be found under another 
heading on page 150 of this issue of 
the PROCEEDINGS. 


Annual Convention of A.I.E.E., 
Chicago, Ill, June 26-30, 
1911 

The Annual Convention of the Amer- 
ican Institute of Electrical Engineers, 
for 1911, will be held in Chicago, Ill., 
on Monday, Tuesday, Wednesday, 
Thursday and Friday, June 26, 27, 28, 
29 and 30, 1911. The Institute head- 
quarters will be at the New Hotel 
Sherman, northwest corner of Clark and 
Randolph streets. There will be а 
reception on Monday evening, and the 
technical sessions will open on Tuesday 
morning. Тһе Convention Committee 
will have charge of the local arrange- 
ments. The members of this committee 
are as follows: Louis A. Ferguson, 
Chairman; W. L. Abbott; B. J. Arnold; 
H. M. Byllesby; W. Lee Campbell; 
T. P. Gaylord; William B. Jackson; 
J. W. Johnson; John D. Nies; W. P. 
Sidley; B. E. Sunny; Fay Woodmansee; 
P. B. Woodworth; J. G. Wray. 

It is many years since the Annual 
Convention was held in Chicago, and 
the Committees concerned are arranging 
to make it both profitable and interest- 
ing to the members and their guests. 
A large attendance 15 anticipated. 

The following is a partial list of the 
papers that will probably be presented: 


Economical Design of  Direct- Current 
Magnets, by R. Wikander. 

Catenary Span Calculations, by W. L. В. 
Robertson. 

Currents іп Inductors of Induction Mo- 
tors, by H. Wiechsel. 

Multiplex Telephony апа Telegraphy by 
Means of Electric Waves Guided by 
Wires, by Major G. O. Squier. 

Electrolysis in Reinforced Concrete, by 

С.Е. Magnusson and С. Н. Smith. 

Induction Motor Design, by T. Hoock. 

The High Effiiaency Suspension Insu- 
lators, by A. O. Austin. 

The Electric Strength of Air II, 

B. Whitehead. 


by J. 
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Electrification Analysed, and Its applica- 
tion to Trunk Line Roads, by W. 5. 
Murray. (Abstract of paper pre- 
sented before Institute meeting at 
Toronto on April 7.) 

Telegraph Transmission, by F. F. Fowle. 

The Cost of Transformer Losses, by 
R. W. Atkinson and C. E. Stone. 

The Costs of Railway Electrification, by 
B. F. Wood. 

Induction Motor for Single-Phase Trac- 

поп, by E. Е. W. Alexanderson. 

Magnetic Properties of Iron at 200,000 

Cycles, by E. F. W. Alexanderson. 

Electric Storage Batteries, by Bruce Гога. 

The Characteristics of Isolated Plants, 

by Р. К. Moses. 

Elevator Control, by T. E. Barnum. 

Limits to the Use of Resistance Materials. 


Two papers on educational topics. 


Some of these papers are printed in 
this issue of the PROCEEDINGS. The 
others will appear in the June and July 
issues. Full details regarding the con- 
vention, including the program and 
transportation arrangements, will be 
published in the June PROCEEDINGS. 


Edison Medal Presentation 
Ceremonies 

The ceremonies attending the presen- 
tation of the Edison Medal to Mr. Frank 
Julian Sprague will be held in the 
auditorium of the Engineers’ Building, 
33 West 39th Street, New York, City 
on Tuesday evening, May 16, 1911. 
The program as arranged will include 
the presentation. of the medal and 
diploma to Mr. Sprague by Profe.sor 
Dugald C. Jackson, President of the 
Institute, and a number of addresses 
will be made indicating the result of 
Mr. Sprague's work along the lines 
of electric railway development and the 


use of electricity in the navy. Among 
the speakers and subiects will be: 
“The Development of the Electric 


Railway ”, Бу W. B. Potter, of the 
General Electric Company; ‘ Social 
Results of the Introduction of the 
Electric Railway ", by F. H. Giddings, 
professor of sociology at Columbia 
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University; “ The Relation of Govern- 
mental Control to the Development of 
Electric Railwavs and the Electrifica- 
tion of Steam Lines", by George F. 
Swain, LL.D., professor of civil епрі- 
neering at Harvard University. There 
will also be an address on the subject, 
“ The Results of the Use of Electricity 
іп the Navy ", the speaker to be ап- 
nounced later. Тһе ceremonies will 
commence promptly at 8:30 p.m. 
Representatives of the government, 
state, municipality, national engineering 
societies and civic organizations will be 
invited to participate in the presenta- 
tion. Ladies may be invited to attend 
this meeting. 


Future Section Meetings 


TORONTO, ONT. 

The Toronto Scction will hold its 
next meeting on May 5, in the chemical 
and mining building, University of 
Toronto. Dr. C. P. Steinmetz, of 
Schenectady, will present a paper en- 
titled “Оп the Nature of Transients 
in Electric Circuits," Special prepara- 
tions are being made for this meeting. 


WASHINGTON, D. C. 


The final mecting of the Washington 
Section for this season will be held on 
two different dates in May, and will 
consist of the annual business meeting 
for the election of officers, to be held 
on Tuesday night, May 9, and an excur- 
sion of engineers to McCall's Ferry, 
Pennsylvania, probably on Sunday, May 
21. The following organizations will par- 
ticipate in the excursion: Washington 
Section of A.I.E.E., Washington Society 
of Engineers, Baltimore Section of 
A.I.E.E., and the Engineers' Club of 
Baltimore. 

Through the courtesy of the officials 
of the Pennsylvania Power and Water 
Companv guides will be furnished and a 
complete inspection will be permitted 
of the great hvdroelectric generating 
station on the Susquehanna River about 
25 miles above the head of Chesapeake 
Bay, which is now т operation. 

It 15 proposed that the excursion will 
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leave Washington about 9 a.m., Sunday, 
May 21, and reach McCall’s Ferry 
about noon. Returning the train will 
leave McCall's Ferry about 4 p.m., and 
arrive in Washington about 7 p.m. 
Н. В. Stabler, 722 12th Street, Wash- 
їп оп, D. С. 


А.1.Е.Е. Meeting in New York, 
April 14, 1911 

The two hundred апа sixty-first 
meeting of the American Institute of 
Electrical Engineers was held in the 
auditorium of the Engineers' Building 
33 West 39th Street, New York City, 
on Friday, April 14, 1911. 

The Secretary announced that at the 
meeting of the Institute Board of 
Directors held during the afternoon 99 
Associates were elected, and five As- 
sociates were transferred to the grade 
of Member. Тһе names of the As- 
sociates elected and those transferred 
will be found elsewhere in this issue. 

President Jackson then introduced 
Professor Malcolm MacLaren, of Prince- 
ton University, who presented his paper 
on “Тһе Effect of Temperature Upon 
the Hysteresis Loss in Shcet Steel." 
Immediately following Professor Mac- 
Laren, Mr. L. T. Robinson, of the Gen- 
eral Electric Company, read his paper 
on “ Commercial Testing of Sheet Iron 
for Hysteresis Loss." "The papers were 
discussed by Dr. Clayton H. Sharp, 
Dr. E. F. Northrup, Messrs. J. A. 
Capp, L. W. Chubb, R. B. Treat, W. J. 
Woodbridge, Hans Lippelt, C. J. 
Fechheimer, and Professor W. S. Frank- 
lin. 


A.I.E.E. Meeting in Toronto, 
Ont., April 7, 1911 

The two hundred and sixtieth meeting 
of the American Institute of Electrical 
Engineers was held in the chemistry 
and mining building, University of 
Toronto, on Friday evening, April 7, 
1911. The meeting was called to order 
by Chairman E. Richards, of the 
Toronto Section, who introduced the 
Secretary of the Institute, Mr. Ralph W. 
Pope. Mr. Pope made a few remarks 
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on the work of the Institute and the 


Sections. President. Jackson was then 
introduced and = presided during the 
meeting. The paper of the evening, on 


trunk line electrification, was presented 
by the author, Mr. William S. Murray, 
of New Haven, Conn., and was re- 
ceived with much favor. There were 
about 300 members present, among those 
from a distance being President D. C. 
Jackson, Secretary Ralph W. Pope, 
Mr. W. S. Murray, of New Haven, 
Mr. John Murphy, of Ottawa, Mr. H. 
W. Weller, of Montreal, and Messrs. 
H. P. Davis, М. W. Storer and В. С. 
Lamme, all of Pittsburg. There was a 
general expression of satisfaction with 
the thorough manner in which the sub- 
ject of railway electrification had been 
analyzed and presented by Mr. Murray, 
and great interest was shown during the 
progress of the meeting. 


Directors’ Meeting April 
14, 1911 

The regular monthly meeting of the 
Board of Directors of the American 
Institute of Electrical Engineers was 
held at 33 West 39th Street, New York 
City, on Friday, April 14, 1911. The 
directors present were: President Du- 
gald C. Jackson, Boston, Mass.; Vice- 
Presidents Paul M. Lincoln, Pittsburg, 
Pa., Paul Spencer, Philadelphia, Pa., 
Morgan Brooks, Urbana, Ill, Percy 
H. Thomas, New York; Managers 
W. G. Carlton, New York, А. W. Berres- 
ford, Milwaukee, Wis., W. S. Murray, 
New Haven, Conn. S. D. Sprong, 
New York City, R. G. Black, Toronto, 
Ont.; Treasurer George А. Hamilton, 
Elizabeth, N. J.; and Secretary Ralph 
W. Pope, New York. 

Ninety-nine candidates for member- 
ship 1n the Institute as Associates were 
elected. 

Eighty-eight students were declared 
enrolled. 

Тһе following Associates were trans- 
ferred to the grade of Member: 
GERALD WILLIAM PARTRIDGE, Chief 

Engineer, London Electric Supply 

Corporatlon, London, England. 
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FRANK GILL, Engineer-in-Chief, Ма- 
tional Telephone Company, London, 
England. 

F. J. W. Luck, Electrical Engineer, 
Walter Bros. and Company, Rio de 
Janeiro, Brazil. 

V. D. Moony, of Hamner and Moody, 
Engineers, New York City. 

LAWRENCE Р. CRECELIUS, Supt. 
Motive Power, Cleveland Railway. 
Company, Cleveland, Ohio. 


The names of the Associates elected 
and the students enrolled are printed 
elsewhere in this issue 


Associates Elected April 
14, 1911 

AREY, ARTHUR CunTIs, Manager, Com- 
pania Tundidor Pachuca, Pachuca, 
Hidalgo, Mex. 

ARNOLD, Harry S., Electrical Inspec- 
tor, Electrical Division, Department 
of Education, 500 Park Ave., New 
York City. 


BADRIAN, BERNHARD, Commercial En- 
gineer, General Electric Co., Pitts- 
field, Mass. 


BARRE, HERBERT AUBREY, Electrical 
Engineer, Electric Operating Con- 
struction Co., 705 Securities Bldg. 
Los Angeles, Cal. 

BEATTIE, WILLIAM C. WHITNEY, Sales 
Engineer, Sprague Electric Co., 527 
West 34th St., New York City. 

BETTINGTON, EGERTON MITFORD, As- 
sistant, Н. Eckstein & Co.; res., 
Santa Clara Park Town, Johannes- 
burg, Transvaal, S. A. 


Веттѕ, EUGENE, Electrical and Me- 
chanical Engineer, Westwood, N. J. 

Brown, GREGORY, Engineer, Western 
Electric Co., 463 West St., New York 
City; res., 825 Park РІ., Brooklyn, 
М.Ү. 

BUCHANAN, НАккү S., Station Super- 


intendent, Telluride Power Co., Provo, 
Utah. 


BURNHAM, RAYMOND, Sales Engineer, 
Westinghouse Electric & Mfg. Co., 
936 Metropolitan Life Insurance 
Bldg., Minneapolis, Minn. 
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BuTLER, JAMES Brunson, Construction 
Engineer, Northern California Power 
Co., Balls Ferry, Cal. 

CARPENTER, JOHN E. NELSON, Elec- 
trician, Pacific Gas and Electric Co., 
res., 2624 E. Street, Sacramento, Cal. 


CAMPBELL, WILLIAM CLYDE, Engineer- 
ing Department, General Electric Co., 
Union Trust Bldg., San Francisco, 
Cal. 


CARTER, ROBERT JOHN 5сотт, Elec- 
trical Engineer, Allis-Chalmers Co.; 
res., 1400 Spruce Place, Minneapolis, 
Minn. 


Cox, WILLIAM Norriss, Construction 
Foreman, General Electric Co., Park 
Bldg., Pittsburg, Pa. 


CROOKS, -WiLLIAM Oris, Electrician, 
Northwestern Improvement Co., Cle 
Elum, Wash. 

ПЕг.РУ, Louris Leony, Engineering Ap- 
prentice, Westinghouse Electric & 
Mfg. Co., Pittsburg, Pa. 

Dix, InviNG F., Division Plant Engi- 
neer, Pacific Tel. & Tel. Со., 7th & 
Alameda St., Los Angeles, Cal. 

DOLAN, JAMES J., Electrical Inspector, 
Electrical Inspection Bureau, Room 
20, 90 La Salle St., Chicago, Ill. 

D'ORNELLAS, CHARLES EVARISTE, Gen- 
eral South American Representative, 
J. G. White & Co., Ltd., 519 Bartolme 
Mitre, Buenos Aires, А. R. 

DRAPER, CLIFFORD LESTER, Electrical 
Enginecr, General Electric Co., Mon- 
adnock Bldg.; res., 24 West Erie St., 
Chicago, Ш. 

DRiscoLL, FRANCIS BLatiR, Telephone 
Engineer, American Tel. & Tel. Co., 
15 Dey Street; res., 587 Riverside 
Drive, New York City. 

DuFFy, FRANK JOSEPH, General Fore- 
man, Delaware, Lackawanna & West- 
ern Railroad; res., 444 Jefferson Ave., 
Scranton, Pa. 

DuNN, EDWARD JOHN, Superintendent, 
Harvard Light & Power Co.; res., 
213 North Ayer St., Harvard, Ш. 

DURANT, WILLIAM CLARK, Electrical 
Engineer, Canadian General Electric 
Co., and Canada Foundry Co., Prince 
Rupert, В. С. 
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DuRYEA, HOWARD, Technical Assistant, 
Electrical Testing Laboratories; res., 
51 West 82nd St., New York City. 

DyYCKERHOFF, ADOLPH, Electrical Engi- 
neer, Westinghouse Electric & Mfg. 
Co., Pittsburg, Pa. 

EpWARDS, J. LANGFORD, Engineer, 
Westinghouse Electric & Mfg. Co., 
Pittsburg; res., 512 Rebecca Ave., 
Wilkinsburg, Pa. 

Етсн,` AuGust Louis, Chief Erecting 
and Repair Man, Diehl Manufactur- 
ing Co., 209 E. Jackson Blvd.; res., 
1350 М. Hamlin Ave., Chicago, Ш. 


EicHER, WILLIS K., Michigan Sales 
Manager, Fort Wayne Electric Works, 
310 Murray Building, Grand Rapids, 
Mich. 


ELLIS, ARTHUR HAMILTON, Chief Elec- 
trical Engineer, London Electric 
Supply Corp’n., Storage Wharf, Dept- 
ford, London, S. E., England. 

EWENS, WILLIAM SYDNEY, Sales Engi- 
neer, Northern Electric & Mfg. Co., 
Ltd., 112 Bay St.; res., 51 Wood St., 
Toronto, Ont. 


FLAHERTY, BENJAMIN Guy, Electrician, 


Northwestern Improvement Со. ; res., 
315 3rd St., W., Cle Elum, Wash. 


FOWLER, FREDERICK HALL, Assistant 
Chief Engineer, United States Forest 
Service, 1204 First National Bank, 
San Francisco, Cal. 


GOLDSBERRY, HARRY HAROLD, Con- 
struction Engineer, Fort Wayne Elec- 
tric Works, Fort Wayne, Ind. 


GOODLOE, ALFRED Мімов, Electrical 
Engineer, Engleby Electric Co., Roa- 
noke, Va. 


GRANT, HARRY EDWARD HUBBARD, 
General Sales Agent, Light & Power 
Dept., British Columbia Electric Ry. 
Co., Ltd., Vancouver, B. C. 


GREGORY, JAMES ALEXANDER, Manager 
Record Department, Home  Tele- 
phone Co., 716 So. Olive St., Los 
Angeles, Cal. 


HARADEN, JOSEPH ALLEN, Instrument 
Specialist, Meter Dept., General Elec- 
tric Co.; res., 115 Glenwood Blvd., 
Schenectady, N. Y. 


ASSOCIATES ELECTED 


.HELT, 
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HARRIS, HENRY, President, United 
Electric Light Co.; res., 342 Marguer- 
ite Ave., Wilmerding, Pa. 

HARRIS, JOHN ALFRED, Chicf Operator, 
Great Western Power Co., 4th Ave. & 
East 37th St.; res., 509 Sycamore 
St., Oakland, Cal. 

Oscar Brown, Sales Agent, 
General Electric Co.; res., 228 North 
20th St., Portland, Ore. 

Hoop, JOHN, Engineering Department, 
General Electric Co., Union Trust 
Bldg., San Francisco; res., 600 62nd 
St., Oakland, Cal. 

HUNGATE, JAMES WILLIAM, Superin- 
tendent of Sub-stations, Spokane & 
Inland Empire Railway Co.; res., 
E 1604 12th Ave., Spokane, Wash. 

HYDE, GLENN Cook, Construction 
Foreman, Commonwealth Edison Co.; 
res., 1213 Е. 62d St., Chicago, Ш. 

]онхзом, L. D., Chief Electrician, 
Wilson Mining & Milling Co., Ko- 
komo, Colo. 

JOHNSON, LESTER GURNEY, Commercial 
Engineer, General Electric Co.; res., 
110 Front St., Schenectady, N. Y. 

JONES, BENJAMIN WALTON, General 
Electric Co.; res., 525 Liberty St., 
Schenectady, N. Y. 

JONES, JOHN CHARLES, Salesman, West- 
inghouse Electric & Mfg. Co., 212 S. 
W. Temple St., Salt Lake City, Utah. 

KEESE, SAMUEL JOHN, District Man- 
ager, Westinghouse Electric & Mfg. 
Со.; res., 524 So. Spring St., Los 
Angeles, Cal. 

KETTLE, THOMAS Носн, Draughtsman, 
Toronto Hydro-Electric System, City 
Hall; res., 175 McCaul St., Toronto, 
Ont. 

KNiGHT, GEORGE LAURENCE, Designing 
Engineer, Edison Electric Illumina- 
ting Co., 360 Pearl Street, Brooklyn, 
N. Y. 

LARSON, Gustus LupwiG, Assistant 
Professor of Mechanical Engineering, 
University of Idaho; res., 106 Polk 
St., Moscow, Idaho. 

La ЭНА, JAMES STANLEY, Chief of Engi- 
necring Department, San Diego Con- 
solidated Gas & Electric Co.; res., 
4362 Maryland Ave., San Diego, Cal. 
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LAWLER, GEORGE SHERRIFFS, Electrical 
Engineer, Asso. Factory Mutual Fire 
Insurance Companies, 31 Milk St., 
Boston, Mass. 

LEATHAM, CHARLES HENRY, Electrical 
Епріпесг, Piedmont & George’s Creck 
Coal Co., Frostburg, Md. 

LEMAN, JOHN COFFEE, Toll Wire Chief, 
Southern Bell Tel. & Tel. Co.; res., 
33 West 5th St., Jacksonville, Fla. 

Lissau, Отто F., Electrical Engincer, 
Gencral Electric Co.; res., 101 Wav- 
erly РІ., Schenectady, М. Ү. 

LITTLER, RayMOND Guy, Manager, 
West Coast Engineering Co., 708 
Couch Bldg.; res., 3413 Montgomery 
St., Portland, Ore. 

Lott, HARRY CHICKALL, Assistant Field 
Engineer, City Power Construction 
Department, Winnipeg, Man. 

Mappock, WILLIAM, Office of Superin- 
tendent Electrical Distribution, L. A. 
Gas and Electric Corporation, 645 
So. НШ St., Los Angeles, Cal. 

McGowan, MICHAEL J., JR., Superin- 
tendent, W. H. Corbit, 258 4th Ave.; 
res., 307 Elm St., Newark, N. J. 

MCINTOSH, SAMUEL FRASER, Engineer 
of Works, American Optical Com- 
pany. Southbridge, Mass. 

Мс NAUGHTON, ANDREW GEORGE LATTA, 
Demonstrator Electrical Engincering, 
McGill University; res., 117 Uni- 
versity St., Montreal, Que. 

MEDBURY, CHARLES FRANKLIN, Man- 
ager, Canadian Westinghouse Co., 
Ltd., Montreal, Quebec. 

MILLER, WILLIAM Lott, Superinten- 
dent, United Missouri River Power 
Co., Helena, Mont. 

MULLALLEY, ROBERT JESSE, Ав". 
Superintendent — Electrical Dept., 
Carnegie Steel Co.; res., 38 Thornton 
Ave., Youngstown, Ohio. 

MURPHY, ГЕО FRANCIS, Assistant 
Superintendent of Construction, P. 
H. No. 2, Detroit Edison Co., Delray, 
Mich. 

ORR, ROBERT SHERRARD, General Sup- 
erintendent, Allegheny County Light 
Co., 435 Sixth Ave., Pittsburgh, Pa. 


PROCEEDINGS OF A. I. E. E. 


[May 


ORR, WILLIAM JOHNSTON, Sales Depart- 
ment, Canadian Westinghouse Co., 
1207 Traders Bank Bldg.; res., 133 

: Shutter St., Toronto, Ont. 

PARRISH, SAMUEL MONTGOMERY, 
Draughtsman, Sellers & Rippey, 1301 
Girard Building, Philadelphia, Pa. 

PATTERSON, RALPH JosHua, General 
Manager, Waterville & Fairfield Rail- 
way & Light Co.; res., 116 Main St., 
Waterville, Me. 

PENROSE, EpwiN T., General Manager, 
Penn Central Light & Power Co., res., 
lith Ave., Altoona, Pa. 

PERRINE, ARTHUR ALEXANDER К., In- 
structor of Electrical Enginecring, 
Montana State College; res., 810 N. 
Central Ave., Bozeman, Mont. 

PETERSON, JULIUS CHARLES, 15% Licu- 
tenant, Coast Artillery Corps, U.S.A. 
Fort Du Pont, Del. 

PIATT, FREDERICK CHARLES, Under- 
ground Electric Distribution Dept., 
Oakland Gas, Light & Heat Co., 13th 
& Clay St., Oakland, Cal. 

PICKENS, Rurus Ноівевт, Electrical 
Engincer, Southern Power Co., Eas- 
ley, 5. С. 

PIERCE, GEORGE WASHINGTON, As- 
sistant Professor of Physics, Jefferson 
Physical Laboratory, Harvard Uni- 
versity, Cambridge, Mass. 

Post, GEORGE GILBERT, Electrical En- 
gincer, Lighting Dept., Milwaukee 
Electric Ry. & Lt. Co., Milwaukee, 
Wis. " 

PUHAKKA, NULO, Екік, Electrical Engi- 
necr, General Electric Co.; res., 87 
Lyman St., Pittsfield, Mass. 


Кеш, RUPERT HADDINGTON, Draughts- 
man, Lake Superior Power Co., Sault 
Ste Marie, Ont. 


RITCHIE, FRANK ERNEsT, Electrical 
Salesman, Northern Electric & Mfg. 
Co., Ltd., Toronto, Ont. 

ROBERTS, DAVID PRICHARD, Inspector 
of Electrical Energy, Provincial Gov- 
ernment Offices, Vancouver, В. С. 

Roux, GEORGE PauL, Electrical Engi- 
neer, Dodge, Day & Zimmerman, 608 
Chestnut St.; res., 4522 Chestnut St.. 
Philadelphia, Pa. 
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SMITH, CHARLES OLIVER, Station Oper- 
ator, Los Angeles Pacific Со.; res., 
2943 Halldale Ave., Los Angeles, 
Cal. 

SMITH, GEORGE, Commercial Engincer, 
Sprague Electric Company, 527 W. 
34th St.; res., 135 W. 90th St., New 
York City. 

SMITH, RALPH COBURN, Assistant Gen- 
eral Manager, Central New York 
Gas & Electric Co.; res., 78 Genesee 
St., Geneva, М. У. 

STEVENS, WILLIAM CLIFFORD, Electrical 
Enginecr, Cutler-Hammer Mfg. Co.; 
res., 2517 Grand Ave., Milwaukee, 
Wis. 

TARRANT, STANLEY C., Cadet Engineer, 
Westchester Lighting Co.; res., 333 
South Ist Ave., Mt. Vernon, №. Y. 

THOMAS, Суки, H., Assistant Engineer, 
Cosmopolitan Electric Co., 150 Mich- 
igan Ave., Chicago, Ill. 

THOMPSON, CHARLES FREELAND, Elec- 
trical Engineer, General Electric Co., 
30 Church St.; res., 257 West 111th 
St., New York City. 

Vick, AuGustus THEODORE, Electrical 
Engineer, Missouri, Kansas & Texas 
Railway System, 407 Wainwright 
Bldg., St. Louis, Mo. 

WEBER, CLIFFORD ANTHONY MARION, 
Electrical Engineer, Westinghouse 
Electric & Mfg. Co., Pittsburg, Pa. 

WHITMORE, Ray, Graduate Student, 
Allis-Chalmers Co.; res., 2215 Wash- 
ington Ave., Norwood, Ohio. 

WILLIAMS, JAMES FRANK, Assistant 
superintendent, Pittsburg Plate Glass 
Co.; res., 401 Lincoln Ave., Charleroi, 
Pa. 

WILLIS, BERNARD DaRwiw, Electrical 
Enginecr, Automatic Electric Co.; 
res., 914 Oakwood Blvd., Chicago, Ш. 

WITMER, GEORGE STONE, Operator, 
Isthmian Canal Commission, Canal 
Zone, Panama. 

Woop, J. LE Roy, Manager, Albany 
Iron Works, Albany, Ore. 

WRIGHT, DUpLEY DANIEL, Salesman, 
Wayner Electric Manufacturing Co., 
312 Balboa Bldg., San Francisco, Cal. 


APPLICATIONS FOR ELECTION 


Applications for Election 

Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in 
the Institute as Associates. These 
applications will be considered by the 
Board of Directors at a future meeting. 
Any Member or Associate objecting to 
the election of any of these candidates 
should so inform the Secretary before 
May 25, 1911. 


10370 Portley, J. K, Fort Smith, Ark. 
10371 Cherry, L. B., Minneapolis, Minn 
10372 Roule, F., Horicon, Wis. 
10373 Schramm, A. P. C., N. Y. City. 
10374 Drum, A. L., Chicago, Ш. 
10375 Hine, S. D., Guanajuato, Mex. 
10376 Vandervoort, G., Belleville, Ont. 
10377 Bird, R.C., Woodhaven, L. I., N.Y. 
10378 Gilchrist, T. E., Peterboro, Ont. 
10379 Knapp, L. G., Marion, Ohto. 
10380 Richardson, А. H., Cincinnati, О. 
10381 Spence, T. E., Kingston, Pa. 
10382 Whitecotton, O. G., Schenec- 
tady, N. Y. 
10383 Cooke, A. F., Portland, Ore. 
10384 Davis, C. L., Tonopah, Nev. 
10385 James, H. C. Jr., St. Paul, Minn. 
10386 Jeffrev, F., Milwaukee, Wis. 
10387 Malm, T., Minneapolis, Minn. 
10388 Stewart, C. F., Chicago, Ill. 
10389 Brann, F. J., San Francisco, Cal. 
10390 Jackson, E. A., Colorado Sprgs., 
Colo. 
10391 Pindell, D. S., Boston, Mass. 
10392 Shotwell, R. E., York, Pa. 
10393 Balzari, R. A., San Francisco, Cal 
10394 Burrows, W. H. R., Cobalt, Ont. 
10395 Chandler, M., Blue Island, Ill. 
10396 McCarthy,G.A.,Calgarv, Alberta. 
10397 McIntosh, L. C., Los Angeles, Cal. 
10398 Taylor, S. W.,Jr., Muskegon, Mich. 
10399 Cohn, M. A., Ithaca, №. Y. 
10400 Du Priest, J. R., Columbus, О. 
10401 Campbell, C. C., Bluefield, W.Va. 
10402 Stewart, G. S., Toronto, Ont. 
10403 Smith, H. R., Corozal, C. Z. 


10404 Pierce, D., Chicago, Ill. 

10405 Beaty, W. E., Cincinnati, Ohio. 
10406 Jansen, H. H., Colombo, Cevlon. 
10407 Long, Cecil, Winnipeg. Man. 
10108 Rockwell, H. L., Chicago, Ill. 


156 


10409 Van Sise, Е. W., Far Rockaway, 
N. Y. 
10410 Harper, F., Buffalo, N. Y. 
10411 Murray, J. F., Springfield, Mass. 
10412 O'Meara, W. J., New York City. 
10413 Brillhart, H. E., Anaconda, Mont. 
10414 Calhoun, J. R., Chicago, ПІ. 
10415 Ford, B., Philadelphia, Pa. 
10416 Uihlein, О. L., Milwaukee, Wis. 
10417 Winder, C. A., Buffalo, N. Y. 
10418 Craft, E. B., New York City. 
10419 Grant, H. L., Chicago, Ill. 
10420 Greenland, S. W., Columbus,Miss. 
10421 Hedberg, F. А., Buffalo, М. Y. 
10422 Ketcham, F. A., Chicago, Ill. 
10423 Lynn, Scott, Springfield, Ill. 
10424 Mancib, А. S., Providence, В.Г. 
10425 McLean, G. L., Pittsburg, Pa. 
10426 Obermiller, J. A., Chicago, Ill. 
10427 Quinn, T. G., Valdez, Alaska. 


10428 Rawson, F. P., Portland, Ore. 
10429 Smethurst, Wm., Bolton, Eng. 


10430 Colpitts, E. H., New York City. 


10431 Connally, W. B., Balboa, C. Z. 
10432 Jacobsen, A., Seattle, Wash. 
10433 McLean, T., Los Angeles, Cal. 
10434 Menzel, A. F., Vallicita, Cal. 
10435 Sutton, L. V., Lynn, Mass. 


10436 Turner, C. А., San Francisco,Cal. 


10437 Case, H. M., New York City. 

10438 Finnicum, J. L., Pittsburg, Pa. 

10439 Freeman, W. C., Rochester, N.Y. 

10440 Quass, R. L., New York City. 

10441 Resch, K. J., Chicago, Ill. 

10442 Smith, B., Chicago, Ill. 

10443 Smith, J. A., Hawthorne, Ill. 
Total, 74. 


Applications for Transfer 


The following Associates were recom- 
mended for transfer at the meeting of 
the Board of Examiners held on April 
14, 1911. Any objection to the transfer 
of these Associates should be filed at 
once with the Secretary. 


CHARLES W. PARKHURST, Electrical 
Engineer and Superintendent, Elec- 
trical Department, Cambria Steel 
Company, Johnstown, Pa. 
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WALTER Н. McCoy, 
Light and Power Company, 
Broadway, New York. 

С. FaAccioLI, Electrical Engineer, Gen- 
eral Electric Company, Pittsfield, 
Mass. 

Ковевт Howes, Consulting Engineer, 
1102 American Bank Building, Se- 
attle, Washington. 

M. DE CHATELAIN, Professor of Elec- 
trical Engineering, Polytechnic In- 
stitute, St. Petersburg, Russia. 


Students Enrolled April 
14,1911 


4330 Mariategui, I., Ohio State Univ. 
4331 Newton, A. H., Case School Sci. 
4332 Roome, H. V., Univ. So. California 
4333 Snoder, J. C., Carnegie Tech. Sch. 
4334 Callaway, A. J., Colo. Agr. Coll. 
4335 Ross, P. A., Syracuse University. 
4336 Beckwith, H. A., Univ. of Texas. 
4337 Shewmon, О. D., Lewis Institute. 
4338 Orr, R. V., Lewis Institute. 

4339 Clement,M.F.,WorcesterPolyInst. 
4340 Kendig, F. A., Ohio State Univ. 
4341 Koenig, H. H., Univ. of Wisconsin. 
4342 Butterworth, A. C., Univ. of Minn. 
4343 Swenson, T., Jr., Univ. of Minn. 
4344 Lyford, D. H., Univ. of Minn. 
4345 Horn, K. W., Colo. Agr. College. 
4346 Reil, E. L., Purdue University. 
4347 Ronan, Neil T., Univ. of Minn. 
4348 Tovey, R. W., Purdue University. 
4349 Kick, F. M., Carnegie Tech. Sch. 
4350 Helpbringer, J. N., O. State Univ. 
4351 Armstrong, M. R., Ohio StateUniv 
4352 La Mont, J.E., Kan.StateAgr.Coll. 
4353 Schlaefer,J.,Jr., Kan.StateAgr.Coll. 
4354 O'Brien, В. J., Univ. of Minn. 
4355 Mabbs, J. K., Armour Inst. Tech. 
4356 Evans, P. W., Armour Inst. Tech. 
4357 Mathis, C. C., Univ. of Colorado. 
4358 Pease, C. J., Univ. of Colorado. 
4359 Fawcett, C. De Х., Univ. of Colo. 
4360 Kemp, W. B., Univ. of Wisconsin. 
4361 Merrifield, J. D.,'Throop Poly. Inst. 
4362 Soulek, ]. H., Univ. of Minn. 
4363 Nebel, H. W.. Univ. of Minn. 
$364 Smith, R. S., Rensselaer Poly Inst. 
4365 Cameron, W. D., [Iowa State Coll. 
4366 Group, ]. C., Iowa State College. 
4367 Nason, E. P., Iowa State College. 
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4368 Beaty, Е. A., Iowa State College. 
4369 Collins, J. V., Iowa State College. 
4370 Mann, W. G., Iowa State College. 
4371 Apple, A. B., Iowa State College. 
4372 Friedman, У. N., Iowa State Coll. 


4373 Knutz, W. H., Iowa State Coll. 


4374 Johnson, F. B., Iowa State Coll. 
4375 Miller, C. C., Iowa-State College. 
4376 Stang, L. C., Iowa State College. 
4377 Hanson, I. W., Iowa State College. 


4378 Koolish, P. H., Iowa State Coll. 


4379 McDonough,D. J., Iowa State Coll. 


4380 Mould, H. E., Iowa State Coll. 


4381 Wells, C. J., Iowa State College. 
4382 Knight, E. F., Iowa State College. 
4383 Bysom, L. L., Iowa State College. 
4384 Scott, D. R., Iowa State College. 
4385 Francis, L. L., Iowa State College. 
4386 Vianna, J. G., Worcester Poly. Inst. 
4387 Blumberg, O., Univ. of Michigan. 
4388 Bundy, E. S., Cornell University. 
4389 Frank, G. S., Cornell University. 
4390 Тоусе, Н. B., Cornell University. 
4391 Killick, F. R., Cornell University. 
4392 Miller, C. А., Cornell University. 


4393 Woodruff, W. W., Cornell Univ. 


4394 Barnard,B. H., Highland Park Coll. 
4395 Webber, E. M., Penn. State Coll. 


4396 Noon, F. C., Cornell Univ. 


4397 Lamphier, B. E., Harvard Univ. 
4308 Warner, S. T., Stevens Inst. Tech. 


4399 Markson, O. S., Univ. of Minn. 


4400 Stanley, H. E., Univ. of Wisconsin. 


4401 Grotewohl, L. A., Univ. of Wis. 


4402 Glanville, R. H., Penn. State Coll. 
4403 Reid, A. I., Univ. of Pennsylvania. 


4404 Glaspey, R. M., Univ. of Penn. 


4405 Armstrong, К. C., Armour Inst. 
4406 Ross, R. R., Armour Inst. Tech. 


4407 Boon, E. E., Univ. of Illinois. 


4408 La Belle, J. N., Univ. of Illinois. 


4409 Hibbish, J. C., Bucknell Univ. 
‚ 4410 Passmore, ). F., Cornell Univ. 
4411 Dye, C. F., Cornell University. 
4412 Coleman, R. R., Cornell Univ. 


4413 Michael, J. C., Jr., Armour Inst. 
4414 Noren, H. E., Armour Inst. Tech. 
4115 Drew, W. W., Armour Inst. Tech. 
4416 Williams, L. L., Armour Inst. Tech. 
4417 Strader, R. H., Stevens Inst. Tech. 


Total, 88. 
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Turin Congress—A.I.E.E. 
Representation 

In the April issue of the PROCEEDINGS, 
page 121, there appcared an article re- 
lating to the [International Congress of 
the Apphcations of Electricity, to be 
held in Turin from September 9 to 20, 
1911, on the initiative and under the 
auspices of the Italian Electrotechnical 
Association and of the Italian Electro- 
technical Committee, during the period 
of the International Exhibition of In- 
dustry and Labor. 

An invitation having been received 
by the American Institute of Electrical 
Engineers to participate in the Congress, 
the Board of Directors, at its meeting 
held on March 10, authorized President 
D. C. Jackson to appoint six members, 
in addition to himself, as a committee 
of arrangements for the American 
representation. The committee has now 
been appointed, and the members аге 
as follows: i 


J. W. LIEB, JR., 
President, A.I. E. E. 

A. E. KENNELLY, 
A.I.E.E. 

С. О. MaiLLovx, Past Vice-President, 
A.LE E. 

T. C. Martin, Past-President, А.Г. 
E.E. 

H. С. STOTT, Past-President, A.I.E.E. 

S. W. Stratton, Directors, Ц. 5. 
National Bureau of Standards. 

DucALD C. JACKSON, President, 
А.Г.Е.Е. 


Chairman, Past- 


Past-President, 


Conservation of Water Power 
Rules of the Forest Service 
The secretary of agriculture having 

approved revised regulations applying 

to appropriation and use of water 
powers controlled by the federal govern- 
ment, these regulations were incor- 
porated in а new '' Use Book " of the 
federal forest service, issued under date 
of December 28, 1910. The revised 
regulations have been carefully and in- 
telligently prepared and are a marked 
improvement upon those superseded. 

In a recent letter addressed to the 

chairman of our conservation committee, 
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the chief engineer of the forest service 
says;  '' It is not expected that the 
regulations will remain unchanged in- 
definitely, but that new conditions, as 
they arise, will require to be met, and 
therefore any suggestions received will 
be of interest and value for future use ”. 
“It is not probable that the regulations 
as they now stand will be changed in 
the immediate future, but the con- 
servation committee would be glad to 
receive from members of the Institute 
any suggestions or comments which 
may throw additional light upon this 
very important subject. 

During the last session of Congress 
‘a bill (No. H. R. 32399) was introduced 
in the House of Representatives by 
the Hon. Herbert Parsons, of New York, 
which aimed to correct the defects of 
the present law under which all permits 
for use of water power on the public 
domain are revokable by the secretary 
of agriculture. This bill was not acted 
upon and the fundamental defects of 
the existing statute remain. It is 
hoped that Congress will take action in 
the near future to remove the practi- 
cally insuperable barriers which now 
prevent the utilization of these great 
natural resources, and that the influence 
of our membership will be exerted to 
secure this result. 

LEwIs B. STILLWELL. 
Chairman, Conservation of Natural Re- 
sources Committee. 


Annual Meeting of American 
Mining Congress, Chicago, 
1911 


The directors of the American Mining 
Congress, the permanent headquarters 
of which are in Denver, Colorado, have 
selected Chicago as the meeting place 


for the 1911 session, which will be the | 


14th annual meeting of this body. Тһе 
date of the meeting has not been de- 
termined, but it will probably be in 
October. The mectings of the American 
Mining Congress are attended by its 
members and by delegates appointed 
by the president of the United States, 
governors of states, mining and scien- 
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tific associations, etc. At these meet- 
ings, practical mining problems are dis- 
cussed by mine operators and very 
little time is devoted to the reading of 
scientific and technical papers, although 
some contributions of this class are pub- 
lished in the Bulletins of the Congress. 

Among the questions which will be 
discussed at the Chicago meeting, the 
principal ones are, a workmen's com- 


.pensation law, the general revision of 


mineral land laws, and the standardiza- 
tion of electrical equipment in coal and 
metal mines. Тһе American Mining 
Congress has had able committees at 
work upon these questions for several 
years, the investigations and reports 
of which have been subjects for dis- 
cussion at the annual sessions. 

At the Los Angcles session of the 
Mining Congress, held last October, a 
committee of mine operators and elec- 
trical engineers reported a code of rules 
for the standardization of electrical 
practice in coal mines, while another 
committee made a valuable report on 
the prevention of mine accidents. Both 
these reports have bcen published in the 
Proceedings of the Mining Congress. 

Recently a committee on workmen's 
compensatión reported a draft for a 
law providing indemnity to the victims 
of coal mine disasters and a system of 
pensions for aged mine workers, to be 
paid out of a fund raised by a small tax 
on coal production. The proposed 
law is now being considered by the 
legislatures of many of the coal mining 
states. Тһе committee on standardiza- 
tion of electrical equipment will make 
another report to the Chicago meeting, 
embodving such additions to its last 
report as are suggested by recent dis- 
cussions on the subject. The member- 
ship of the committee is as follows: 


SAMUEL A. TAYLOR, Pa., 
Chairman. 

J. R. BENT, Oglesby, ПІ. 

Harry M. WARREN, Scranton, Pa. 

GEORGE H. Woop, Pittsburg, Pa. 

С. A. SCHREIER, Divernon, Ill. 

GEORGE T. WATSON, Fairmont, W. Va. 

W. A. THOMAS, Pittsburg, Pa. 


Pittsburg, 
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Dielectric Flux Motor* 
Ву Proressor HAROLD B. SMITH 


The principle of the operation of the 
dielectric flux motor, or the electric 
field motor, may briefly be explained as 
follows: 

Every electric current circuit 15 
associated with two other circuits; a 
magnetic circuit and a dielectric circuit. 
The former is the path of dielectric 
flux or electric field, and the ficld set 
up is proportional to the potential 
difference between the parts of the 
conductor which forms its boundary. 
The second is the path of magnetic 
field which surrounds the conductor 
and has an intensity proportional to the 
current in the conductor. In the case 
of the common two-phase induction 
motor we have two alternating mag- 
netic fields set up in quadrature-phase 
relation by coils so arranged that the 
resultant field produced rotates. In 
an entirely similar manner we may ar- 
range two conducting plates alternately 
charged from a two-phase e.m.f. so that 
the resultant of the two alternating 
fields set up will be a rotating electric 
field. If in a rotating magnetic field 
we place a bar of soft iron the iron will 
tend to turn so that its axis will coincide 
with the direction of the resultant field, 
and as the field rotates the iron bar will 
tend to rotate. In like manner if we 
place in an electric field a bar of a 
material having higher specific induc- 
tive capacity than the air or other 
medium surrounding the bar, we find the 
bar will tend to turn until its axis 
coincides with the direction of the re- 
sultant field. If the electric field is 
rotating the bar will tend to rotate in 
like manner. Тһе above experiment 
was tried, and showed experimentally 
that a motor based on these principles 
would operate. Various kinds of rotors 


«АЪѕігасї of lecture before the Ithaca Section 
of the A.I.E.E. on March 31, 1911. 
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меге employed; rotors consisting of glass 
bars, and of mica bars, as well as one 
consisting of six incandescent lamps. 
The lamps were very good vacuum tubes 
and thereby conducted the dielectric 
flux better than air. Тһе forces acting 
on such a motor arc not large but with 
40,000 volts or over, such a motor can 
easily be made to drive a meter mechan- 
ism. Professor Smith has actually oper- 
ated a motor based on the above prin- 
ciple which delivered one eighth horse- 
power. It is well known that it re- 
quires two or more phases in order to 
produce a rotating magnetic field with 
a stationary structure, and also that 
various devices may be employed to 
split the single-phase current or flux 
up into two components of different 
phase as by the use of divided electric 
circuits of different power-factors or by 
magnetic '' shading coils ". In the case 
of the dielectric flux motor, a phase dis- 
placement between two electric fields 
may be produced by connecting onc 
set of plates to the line through a high 
resistance, as by making one of the 
plates of hard rubber. Іп this event it 
takes an appreciable fraction of a half 
period for the charge to build up a field. 
By such means the motor may be oper- 
ated on a single-phase alternating cir- 
cuit. 

At present the chief application for 
such a motor is for operating high- 
tension meters. It is evident that the 
torque on the rotor will vary with the 
e.m.f. of the line and hence it may be 
applied directly for measuring voltage. 
Methods have been devised also for 
making the motor applicable for reading 
the value of the current and also the 
power. As to future possibilities it 
does not appear wise to estimate its 
limits at so early a period in the de- 
velopment of the idea, particularly 
when a motor of one eighth-horse power 
has already been produced. 
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Past Section Meetings 


ATLANTA, GA. 

The regular monthly meeting of the 
Atlanta Section was held on March 11, 
at the residence of Mr. A. М. Schoen, 
where the members had been invited 
to meet Mr. Gano Dunn, of Ampere, 
N. J., who was in Atlanta in attendance 
at the Southern Commercial Congress. 
After an informal dinner there was a 
general discussion of questions relating 
to the welfare and advancement of the 
Institute. Among those taking part in 
.the discussion were: Messrs. Gano Dunn 
A. M. Schoen, H. P. Wood, A. S. 
Reading, W. H. Collier, J. R. Gordon, 
H. D. Winn, I. F. McDonnell, and M. 
E. Bonyun. 


BALTIMORE 

Mr. Н. В. Stabler, plant engineer for 
the Washington division of the Chesa- 
peake and Potomac Telephone Com- 
pany, and secretary of the Washington 
Section of the A.I.E.E., was the guest 
of the Baltimore Section at its regular 
monthly meeting held in the Johns 
Hopkins University оп March 30. 
Mr. Stabler presented а paper оп '' The 
Distribution. System of а Telephone 
Plant.” 


Возтом 

The Boston Section held its regular 
monthly meeting in the auditorium of 
the Edison Electric Illuminating Com- 
pany on March 22. Mr. №. T. Wilcox, 
manager of the Lowell Electric Light 
Corporation, and chairman of the 
A.J.E.E. Industrial Power Committee, 
presented in abstract the two papers 
read at the Institute meeting in New 
York on March 10. These papers were: 
“Comments on Fixed Costs іп In- 
dustrial Power Plants", by John C. 
Parker, and “Cost of Industrial 
Power", by Aldis E. Hibner. The 
papers brought forth considerable dis- 
cussion. About 75 members were pres- 
ent. 


А mecting of engineers was held in 
Boston on March 17, under the direc- 
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tion of the Boston branch of the Ameri- 
can Society of Mechanical Engineers, to 
which the members of the Boston Sec- 


tion of the A.ILI.E.E. were invited. 
Мт. William. Г. Uhl, engineer with 


Charles T. Main, presented a paper en- 
titled “Speed Regulation іп Hydro- 
electric Power Plants." Тһе paper 
covered considerable discussion on 
water wheel and pipe line troubles. 


CHICAGO 

Mr. Caryl D. Haskins, of Schenec- 
tady, N. Y., delivered an address on 
“ Engineering and War” at a joint 
meeting of the Chicago Section of the 
A.I.E.E. and the Electrical Section of 
the Western Society of Engineers held 
on Wednesday evening, March 22. 
Those taking part in the ensuing discus- 
sion were: Mr. W. L. Abbott, Dr. 
W. F. M. Goss, Professor Morgan 
Brooks, Mr. F. J. Postel, Colonel Green, 
Messrs. A. Bement, Fay Woodmansee, 
and George M. Mayer. About 100 mem- 
bers of the two societies were present. 


CLEVELAND 

Тһе Cleveland Section held its regular 
meeting on Monday evening, March 27, 
in the Chamber of Commerce Building. 
A paper entitled “ The Application of 
Electricity to the Manufacture ot 
Iron” was read by Mr. R. R. Jones, 
formerly of the Illinois Steel Company. 
Mr. Jones traced the conditions which 
usually obtain and the service ordinarily 
performed by various classes of machin- 
ery used in the mining and preparation 
of iron and similar ores іп their applica- 
tion to iron blast furnace practice. He 
also indicated special conditions en- 
countered in this service, and the prob- 
lems to be solved from the standpoint 
of the furnace or mine manager. The 
paper was discussed by Messrs. David 
Croxton and J. C. Lincoln. 


ITHACA 
A meeting of the Ithaca Section was 
held on March 10. Mr. William G. 
Merowitz presented a paper on “ Heavy 
Electric Traction Problems." The paper 
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was based оп experiences of the author 
in the electric zone of the New York 
Central and Hudson River Railroad 
Company, and embodied a brief com- 
parison of the equipment of a number 
of electric railway companies operating 
in and about New York. Lantern 
slides, blue prints and charts assisted 
in making clear the details discussed. 

On March 31 Professor Harold B. 
Smith, of the Worcester Polytechnic 
Institute, addressed 118 members of 
the Section on “ Some Engineering De- 
velopments of Electric Fields of Force." 
Professor Smith described and exhibited 
two of his inventions based upon the 
electric field; namely, condenser type 
terminals for lead covered cables, etc., 
and a dielectric flux motor for high 
tension meters. Тһе speaker described 
the development of these inventions. 
À model of the electric field motor was 
exhibited and operated from а 50,000- 
volt circuit. А brief abstract of the 
address will be found elsewhere in this 
issue. 

Los ANGELES 

The regular meeting of the Los 
Angeles Section was held in Blanchard 
Hall, Los Angeles, on March 28. 
Ninety-six members were present. Mr. 
A. H. Babcock, of the Southern Pacific 
Companv, San Francisco, spoke at some 
length on specifications for overhead 
crossings of electric light and power 
lines. Following a discussion of the 
subject addresses were made by Dr. 
Elihu Thomson and Bion J. Arnold, 
both past-presidents of the Institute, 
Professors W. Е. Durand and С. L. 
Cory, and Messrs. O. H. Ensign, George 
L. Hoxie, S. С. McMeen, Kempster 
B. Miller, and J. A. Lighthipe. 


‘MINNESOTA 

The Minnesota Section, which has 
been inactive for some months, was 
reorganized at a very successful meet- 
ing and banquet held іп Minne- 
apolis on March 20. Fifty-nine mem- 
bers were present, and the follow- 
ing program was presented. “ The 
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First Electric Railroad іп Minne- 
sota", by Edward P. Burch; “Тһе 
New 14,000-Kw. Steam Turbine of the 
Twin City Rapid Transit Company ”, 
by E. Н. Scofield; “ Electric Progress 
in Minneapolis іп the Last Ten Years '', 
by H. J. Gille; “ Some Lessons from the 
Minneapolis General Electric Fire ”, 
by W. H. McGrath; “ The New Power 
Plants of the Minneapolis General 
Electric Company ", by Walter Good- 
enough; ' Progress at the University 
of Minnesota ", by Professor George 
D. Shepardson. 

The following officers were elected: 
Chairman, C. L. Pillsbury, secretary, 
Thomas M. Gibbes. 


PHILADELPHIA 

The Philadelphia Section held its 
regular monthly meeting in the Engi- 
necrs’ Club, Philadelphia, on April 10. 
The paper of the evening, entitled 
“ Stereoscopic X-Ray Work ”, was read 
by Mr. Н. Clyde Snook, and was il- 
lustrated by apparatus, lantern slides 
and experiments. Sixty-six members 
were present. — 


PITTSBURG 

Mr. David B. Rushmore, of Schenec- 
tady, addressed a large gathering of 
members of the Pittsburg Section at its 
meeting held on March 14. The subject 
of Mr. Rushmore's address was '' Some 
Aspects of Modern Power Transmis- 
sion." It was stated that there is a 
tendency at present for power companies 
themselves to develop or acquire the 
industries affording the market for 
power, also that there is a strong ten- 
dency for many water powers to be con- 
nected to one transmission system, thus 
giving greater continuity and relia- 
bilitv of service, and permitting one 
generating system to be aided at times 
of low water by others whose periods 
of lowest water are not likely to be 
coincident. Тһе power developments 
in California were described and said 
to compose the largest water power 
system in the world. Тһе connecting 
of many power stations to one system 15 
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such that the transmission line soon 
will be virtually a high tension bus- 
bar running a great portion of the length 
of the state. The troubles and line 
interruption formerly encountered in 
this system were described. One source 
of trouble in the coast region is the 
salt fog, the salt from the fine spray 
being carried by the wind. Since the 
re-equipment of the system, notwith- 
standing the higher voltage now used, 
the trouble has been practically elim- 
inated, due to the higher factor of 
safety of the line insulation. Mr. 
Rushmore mentioned the plan so often 
discussed of transmitting power from 
Niagara to New York City—a doubtful 
proposition, as the market along the 
way could easily absorb all the power 
that could be delivered. Several other 
transmission systems were also de- 
scribed. 


PORTLAND, OREGON 

The Portland Section held its regular 
monthly meeting in the Electric Build- 
ing, Portland, on March 21. A paper 
on ' Methods for Obtaining Business 
for the Central Stations " was presented 
by Mr. A. C. McMicken. This was 
followed by one on “ Methods of Sell- 
ing Electrical Appliances”, by Mr. 
A. S. Moody. In addition to these 
papers several Institute papers were 
abstracted. Thirty-five members were 
present. 


ST. Louis 

А special meeting of the St. Louis 
Section was held on March 22. A brief 
sketch was given of the life of the late 
Secretary of the St. Louis Section, Mr. 
Oddgeir Stephensen, who died оп 
February 1, 1911. 

In order to promote harmony and 
coóperation among the various engi- 
neering societies in St. Louis it was 
voted that all future meetings at which 
technical papers are to be presented, 
be held in conjunction with the Engi- 
neers' Club of St. Louis. The St. 
Louis branch of the American Society 
of Mechanical Engineers and the Chem- 
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ical Society have also agreed to hold 
joint meetings with the Engineers’ 
Club. 
SAN FRANCISCO 

The regular monthly meeting of the 
oan Francisco Section was held in the 
Home Telephone Building, San Fran- 
cisco, on March 24. Professor F. G. 
Cottrell read a paper on “ The Electric 
Precipitation of Smelter Fumes.” Оп 
account of the Pacific Coast Meeting 
at Los Angeles the April meeting of the 
oan Francisco Section was postponed. 


SCHENECTADY 

On Tuesday evening, March 7, 
Professor A. G. Webster, of the depart- 
ment of physics, Clark University, 
Worcester, Mass., addressed a large 
number of members of the Schenectady 
Section on “ Physics апа Engineer- 
ing." The talk was illustrated with 
numerous lantern slides and covered a 
wide range of topics. The fact was 
emphasized that there is no clearly 
defined line between the fields of the 
engineer and the physicist. Reference 
was made to the work of many famous 
physicists, such as Newton, Kelvin, 
Henry, Rumford, Franklin and others. 


At the regular monthly meeting on 
April 4, Мг. W. S. Andrews, of the Gen- 
eral Electric Company, gave a talk on 
“ Flurorescence and Phosphorescence."' 
The talk was illustrated by many ex- 
periments with apparatus devised and 
cónstructed mostly by Mr. Andrews 
himself. Не described how certain 
substances have the property of ap- 
parently changing the frequency of 
violet or ultra-violet rays of light to a 
lower frequency corresponding to red, 
and demonstrated how the principle 
might be applied to improving the 
quality of the hght from the mercury 
arc lamp. Mr. Andrews also spoke on 
the production of * cold light ", and 
referred to the extremely low luminous 
efficiency of all commercial means of 
producing light as compared with the 
glowworm and the firefly. Тһе sub- 
ject of the lecture was discussed by 
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Messrs. Е. А. Baldwin, John В. Taylor, 
Dr. Langmuir, and Dr. Milton W. 
Franklin. 


SEATTLE 
The regular meeting of the Seattle 
Section was held in the Central Build- 
ing, Seattle, on March 18, with Chair- 
man A. A. Miller presiding, and a total 


attendance of 43 members. А paper 
оп “Тһе Isolated Plant” was pre- 
sented by Mr. H. W. Beecher. Messrs. 


Sautmyer, Hemingway, Ransom, Miller 
Allen, Pierce and Cooley took part in 
the discussion that followed. 


TOLEDO 

At the regular monthly meeting of 
the Toledo Section, held in the Y. M.C.A 
rooms, Toledo, on April 7, Chairman 
M. W. Hansen gave a talk on a scheme 
for lighting rates involving a fixed 
maximum load for each customer, а 
fixed charge for such customer based 
upon the fixed maximum load, and a 
fixed low rate for actual current con- 
sumed. Іп the discussion which fol- 
lowed some of the members favorcd a 
sliding scale as preferable, the scheme 
proposed being generally looked upon 
as a rather radical departure from any 
now in operation. 


WASHINGTON, D. C. 

Dr. Charles P. Steinmetz, of Schenec- 
tady, was the guest and principal 
speaker at the regular meeting of the 
Washington Section held on April 11, 
and addressed an audience of 146 mem- 
bers and visitors on the subject '' The 
Present Limits of Long Distance Trans- 
mission." Brief talks were also given 
by Dr. Edward B. Rosa, of the Burcau 
of Standards, Mr. Frederick H. Newell, 
of the U. S. Reclamation Service, and 
General George H. IIarries, of the Wash- 
ington Railway and Electric Company. 

In reviewing his subject Dr. Stein- 
metz traced the development of the 
art through its successive stages down 
to the present day of vast enterprises 
and networks covering many thousands 
of square miles. In Dr. Steinmetz's 
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opinion the economic limits of long 
distance transmission have been 
reached. "The fact that with the usual 
construction of our present high-tension 
lines, at about 120 kilovolts, ordinary 
air ceases to be an insulator, indicates 
that the present state of development 
approaches the maximum practicable 
potential, though so far as the suspen- 
sion type of insulator is concerned the 
limit would only be reached at the 
point where rupture would occur be- 
tween adjacent discs, due to the elec- 
trostatic capacity of the insulator. 
With present voltages the distance of 
transmission will doubtless be increased 
by the tying together and synchronizing 
of high-tension svstems; so that, with the 
load unequally distributed among the 
various centers of distribution, gen- 
erating centers will send power to ad- 
jacent generating centers, and by help- 
ing them out will relieve the generators 
at more distant points, and so on, it 
being entirely possible that some of us 
тау see the Niagara Falls and Catawba 
River developments tied together and 
working in synchronism, so that Ni- 
agara Falls, though not actually trans- 
mitting power all the way to the Ca- 
tawba River plants, will nevertheless 
help them out during times of lack of 
power or excess of load. Dr. Steinmetz 
also spoke with feeling of the marked 
effect which recent forest denudation 
had produced in some of the hydro- 
electric developments on the upper 
Hudson and Connecticut rivers, causing 
the water supply to so far fail in the 
summer months as to make expendi- 
tures for further development under 
present conditions unprofitable, and to 
reduce certain present developments to 
mere subsidiarics of the steam-driven 
plants which it was necessary to install 
in order to give continuous service. 
Dr. Rosa spoke of the progress that 
has been made in power transmission. 
Mr. Newell told of the work of the 
federal government in the West, par- 
ticularly in connection with the Roose- 
velt Dam and the Snake River re- 
clamation enterprises, where power is 
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developed and transmitted for pumping 
purposes in the summer months, and 
where its disposition as а bi-product 
during the remainder of the year is a 
problem not entirely solved by the 
government engineers and regarding 
which he would be glad to have any 
suggestions. 

General Harries paid а high tribute 
to the work of Dr. Steinmetz in the 
ficld of electrical engineering. 

Dr. Steinmetz, answering questions 
of Messrs. Newell and Wheeler, ex- 
plained the obstacles in the way of 
profitably using bi-product electricity 
for the fixation of nitrogen for use in 
fertilizer manufacture, but expressed 
the belief that further developments іп 
the chemical side of the process may 
overcome these obstacles. He stated 
that lightning was no longer the serious 
menace to high tension lines that it 
used to be; that through improvements 
in line design and lightning arrester 
practice it is now much less scrious a 
problem than the “internal lightning ” 
or surges; and that the effects of surges 
are less to be dreaded as (Ме working 
voltages and the line insulation rises, 
while the current decreases, or at least, 
docs not rise proportionally. 

The discussion closed with some re- 
marks by Dr. Steinmetz on Institute 
affairs. He approved heartily of the 
work undertaken by the local Sections, 
and commended the plan of holding 
Institute meetings under the auspices 
of Sections. He suggested that the 
Sections strengthen themselves and 
cach other by closer codperation wher- 
ever the locations permit, and recom- 
mended the holding of joint meetings by 
Sections in close proximity such as 
Washington and Baltimore. Dr. Stein- 
metz characterized the present svstem 
of making nominations in the Institute 
as antiquated. “Т does well enough 
in the case of the president, who is 
always an engineer of great prominence, 
but there are many men of ability, par- 
ticularly among the vounger Members 
and Associates, who are well qualified 
for nomination as managers, but who 


fail of nomination solely because they 
have not yet become sufficiently known 
to receive the requisite number of 
votes." Dr. Steinmetz believes that 
“the Sections should inaugurate а 
svstem of preliminary nominations so 
that many men of suitable ability and 
of local prominence may be brought 
before the membership at large, and so 
receive the well deserved nominations 
and elections to the board of directors, 
of which they are now unfortunately 
deprived." 

Past Branch Meetings 

UNIVERSITY OF ARKANSAS 

The regular meeting of the University 
of Arkansas Branch was held in the 
engineering hall оп March 14. А 
paper was read by Professor Ripley, 
head of the department of physics, on 
“ Physics іп Engineering." Professor 
Ripley pointed out that there is a 
general tendency among educational 
institutions now toward technical sub- 
jects, and that in any branch of engi- 
neering a thorough understanding of 
the fundamental principles of phvsics 
is necessary in order to grasp engineer- 
ing problems. 

Mr. С. C. Baker gave а рарсг on 
" Electricity in the Navy." Mr. Baker 
was formerly first class electrician on 
the U. 5. S. Virginia, and the paper 
dealt with his personal experience. He 
gave a brief outline of the method of 
training given in the apprentice school 
at the Brooklyn Navy Yard, and then 
described the various applications of 
electricity aboard ship. Chief among 
these 16 the use of motors, scarchlights, 
wireless telegraphy, telephony, etc. 

А paper on “ Flow Meters”, bv 
C. M. Moreland, was presented by Mr. 
Stelzner, and Mr. M. R. Milwee gave 
in conclusion an abstract of the In- 
stitute paper by E. B. Мегпат on 
' ОП-Вгеак Circuit Breakers ", pub- 
lished in the February PROCEEDINGS. 

Fifty students attended this meeting. 

The next regular meeting was held 
on March 29. The principal feature of 
the program was a paper presented by 


1911) 


Professor J. J. Knock, on “ Contracts 
and Specifications." Professor Knock 
told of the many pitfalls awaiting the 
young engineer who attempts to draw 
up contracts and specifications without 
a thorough knowledge of the law cover- 
ing them, as well as a knowledge of the 
technical side of the problem. 

Mr. C. R. Spangler, of the Union 
Switch and Signal Company, gave an 
illustrated paper on “ Automatic Sig- 
nals." Several views were shown of 
recent installations on the Pennsvlvania 
svstem near Chicago. 

Mr. F. Moody gave an abstract of the 
paper on '' Dissipation of Heat from 
Self-Cooled, Oil-Filled Transformers,” 
by J. J. Frank and H. O. Stephens, 
which appeared in the March Рко- 
CEEDINGS. 


Another meeting was held in the 
engineering hall on April 12. 
W. М. Gladson gave a talk on “ Hydro- 
electric Developments." A paper by 
H. V. Crawford describing his first six 
months’ work with the General Electric 
Company was read Бу Мг. L. В. Cole. 


ARMOUR INSTITUTE OF TECHNOLOGY, 
CHICAGO, ILL. 


A meeting of the Armour Institute of 
Technology Branch was held on March 
16. The members were addressed by 
Mr. W. W. Drew on “ Commercial 
Testing of Small Motors." The data 
presented by Mr. Drew was taken from 
his own practical experience. The 
meeting proved of especial interest to 
students who had not as yet reached 
alternating current work in their course. 


At the regular meeting of the Branch 
held on April 5, Professor W. E. Bar- 
rows gave a talk on “ Recent Types of 
Commercial Illuminants." The speaker 
explained the difference between in- 
candescence and luminescence, and the 
part played by the latter in obtaining 
the high efficiency of the vapor lamps 
was pointed out. In the сазе of in- 
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candescent sources the color of the light 
changes from orange toward white as 
“the temperature is increased and most 
of the new lamps of this nature show 
more or less selective radiation in the 
visible spectrum. With luminescent 
sources visible radiation of the short 
wave lengths appears to predominate 
at the lower temperatures, while the 
shifting is toward the white from the 
bluc and green as the temperature is 
increased. Several of the recent types 
of lamps were discussed. Attention 
was called to the large capacity tung- 
sten units. The new Zokul lamp having 
a filament of drawn tungsten wire 
makes a lamp comparable with the 
tantalum lamp for strength, while the 
life and efficiency characteristics of the 
tungsten lamp аге maintained. Іп 
dealing with the flame arc lamp, par- 
ticular attention was given to the en- 
closed or regenerative type. The life 
of a “trim” is about 70 hours. In 
this lamp the electrodes are co-axial. 
The lower is the positive, and consists 
of a fluted carbon frame with the 
grooves filled with salts of calcium. 
It has a comparatively large sectional 
area which obviously reduces the 
rate of consumption. The upper, or 
negative electrode, is of pure carbon, or 
of carbon lightly mineralized, since 
there 15 trouble from slagging if a con- 
siderable amount of the metal is in- 
cluded in its construction. The deposit 
in the communicating tubes between 
the top and bottom of the enclosing 
globe necessitates an occasional cleaning 
of this part of the lamp. Finally the 
new type of mercury vapor lamp having 
a quartz container was described. Іп 
this lamp the increase іп temperature 
made by emploving quartz 
shows its effect on the luminescence 
of the mercury vapor. Тһе visible 
spectrum is spread out, the light is 
much whiter than the light from the 
ordinary mercury arc, and contains а 
considerable amount of red ravs. In 
closing, the efficiency of the various 
sources of light from the viewpoint of 
economy were given. The quartz lamp 
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'stands at the top in this respect, with 
the enclosed flame arc lamp а close 
second. The discussion which followed 
related to the use of these lamps in 
interior illumination. 


BUCKNELL UNIVERSITY, LEWISBURG, 
| РА. 

А meeting of this Branch was held 
on April 5. Professor Simpson, head of 
the physics department, gave a lecture 
on the phenomena of lightning and 
thunder. 


CASE SCHOOL OF APPLIED SCIENCE, 
CLEVELAND, OHIO 


This Branch has held the following 
mectings since those reported in the 
April PROCEEDINGS: 


February 23: The subjects of this 
mecting were, “ Waterside Station of 
the New 
By Mr. Orwig; “ Interborough Rapid 
Transit Company ", by Mr. Haring. 

March 2: Papers presented, “ W. B. 
and A. Transit Company ”, by Мг. 
Sipher; " New York, New Haven and 
Hartford Railroad Company ”, by Mr. 
Rutledge. 

March 9: Papers presented, '' Mer- 
сигу Arc Rectifier ", by Мг. Shirmer; 
“ Electrical Surgical Apparatus ”, by 
Мт. Hoddinott. 

March 10: At this meeting Мг. 
Brainerd Dyer, of the National Carbon 
Company, gave an illustrated talk on 
the “ Artificial Manufacture of Car- 
bon.” 


March 16: Mr. A. M. Klingman, of 
the National Electric Lamp Associa- 
tion, gave a talk on “ Street Lighting. 
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UNIVERSITY OF COLORADO 

The University of Colorado Branch 
held its regular mecting on March 15. 
А paper on “ Single-Phase Railway 
Motors " was read by Mr. W. H. Ed- 
munis, electrical engineer for the Den- 
ver and Interurban Railway Company. 
Thirty-six members were present. 
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UNIVERSITY OF KANSAS 


The semi-monthly meeting of the 
University of Kansas Branch was held 
on March 15. А paper on “ Electrical 
Contracting " was read by Mr. Herman 
C. Henrice, of Kansas City, Mo. Mr. 
W. P. Howard, also of Kansas City, 
then gave a talk on the management of 
a skvscraper, with especial reference 
to the part electricity plays in a modern 
office building. Forty-six members 
were present. 


The Branch held its next meeting 
on April 5. Mr. J. S. Tritle, manager 
of the Westinghouse Electric and Manu- 
facturing Company, Kansas City, gave 
a talk on '' Recent Developments in 
Commercial Electrical Engineering." 
The attendance at this meeting was 
42 members. 


LEWIS INSTITUTE, CHICAGO, ILL. 


Nearly 500 members and students 
gathered at the regular meeting of the 
Lewis Institute Branch held on March 
6, to hear a lecture on “ Wireless 
Telegraphy and Telephony ", Бу Pro- 
fessor Rogers. There was much en- 
thusiasm among the students in the 
audience over the new apparatus and 
devices which Professor Rogers used 
here for the first time. "The history 
of the development of the wireless 
art, both in telegraph and telephone, 
was illustrated with lantern slides and 
experiments. Тһе various svstems now 
in use were explained, together with 
their applications in commercial work. 
The admirable use of wireless in war- 
fare was strikingly shown by the actual 
explosion of a small bomb set off by a 
wireless station in a distant part of the 
room. Professor Rogers spoke of the 
many new advances of the art, and also 
of the many places for improvements in 
wircless telegraphy which still exist. 


UNIVERSITY OF MISSOURI 
At the regular meeting of the Uni- 
versity of Missouri Branch held on 
March 13, Professor E. A. Fessenden 
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gave an illustrated talk on “ Recent 
Developments in Steam Turbine Prac- 
tice." Professor Fessenden described 
the turbine as a machine operated by 
the kinetic energy, or velocity of the 
steam in distinction from the steam 
engine, which operates by steam pres- 
sure. The source of the kinetic energy 
being the heat energy made available 
by the temperature drop, the velocity 
of the steam can be expressed by an 
equation of the same form as for a 
falling body. The action of the steam 
particles in imparting their velocity to 
the turbine blade was next described, 
and the distinction between the action 
of the impulse and reaction type of 
blade stated to be that that in the im- 
pulse type no expansion and conse- 
quently no pressure exists between inlet 
and exit edges, so that there is no ten- 
dency to leakage over the tops, while 
in the reaction type such differences 
and leakage do occur. This explains 
the greater adaptability of the reaction 
tvpe for the lower ranges of temperature 
where small changes of pressure occur. 
The double flow turbine and the low 
pressure turbine were next described, 
and the possibility of great economy 
by using the exhaust from reciprocating 
engines at approximately atmospheric 
pressure in turbines that would equal 
the rating of the engines exhausting 
at atmospheric pressure, thus doubling 
the station capacity without increasing 
the coal consumption or the boiler 


installation. 
ә 


The next meeting of the Branch, held 


on March 27, was devoted to the sub-, 


ject ‘ Electrification of Railways”, 
which was presented by Messrs. V. W. 
Surber and L. W. Helmreich. Mr. 
Surber spoke on the advantages of 
electric operation, the need for change, 
and the desirability of making a proper 
сКоісе of a system—such that future 
extensions and consolidations would be 
possible without change of system. 
Mr. Helmreich pointed out some of the 
difficulties to be overcome and the 
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advantages of excessive investment and 
dependence on a single power station. 


NEW HAMPSHIRE COLLEGE 

A meeting of this Branch was held 
on March 15. Dr. Е. А. Davis of 
Boston, a graduate of the college, class 
of '86, delivered a lecture on '' High 
Frequency Currents as Applied to Medi- 
cine." Dr. Davis showed how various 
diseases could be successfully treated 
bv these currents. Тһе lecture was 
illustrated by lantern slides made from 
X-ray photographs, and by a number 
of experiments. 


OHIO STATE UNIVERSITY 

A meeting of the Ohio State Uni- 
versity Branch was held on March 30, 
in the electrical engineering laboratory, 
with an attendance of 51 members. 
The date for the electrical show was 
set for Мау 12 and 13. Dr. А. M. 
Bleile gave a lecture on “ Treatment in 
Case of Electric Shock." 


UNIVERSITY OF OREGON 

The University of Oregon Branch 
held its regular meeting on March 21, 
at which Professor Dearborn read a 
paper on ''Unified Electric Systems 
and the Extension of Electric Service 
to Rural Communities." The paper was 
to have been discussed by Mr. M. D. 
Spencer, manager of the Oregon Power 
Company, but he was unable to be 
present. 


PENNSYLVANIA STATE COLLEGE 

A meeting of the Pennsvlvania State 
College Branch was held on February 
21, and the following papers were ргс- 
sented and discussed: “ Induction 
Motor Windings”, by С. H. Kline; 
'" Automatic Skip Hoist Control”, 
by J. U. Kauffman. 


— 


At the meeting of February 28, 
Professor J. M .Spangler gave a talk 
on “Тһе Wireless Station at the 
Pennsylvania State College.” The 
question box committee explained the 
following subjects: '' Interpoles in Aid- 
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ing Commutation ”, and “ Transformer 
Regulation.” 


The next meeting of the Branch was 
held on March 7, and the following 
papers were read and discussed: “ The 
Globe Photometer ”, by H. L. Mathers; 
“ Тһе Theory and Operation of the 
Oscillograph ", Бу R. T. Kintzing. 


STANFORD UNIVERSITY, CAL. 

The following mectings have been 
held by the Stanford University Branch 
since those last reported in the Рко- 
CEEDINGS. 

March 9: Mr. Hector Keesling and 
Мг. С. Н. Tallant read a paper on the 
“ Electrolytic Production of Iron and 
Other Substances." 

March 21: After the executive busi- 
ness was disposed of, Mr. Morris Wenk 
gave a paper describing the 1200-volt 
electric railway of the Central Cali- 
fornia Traction Company, from Stock- 
ton to Sacramento. 

April 6: Mr. C. F. Elwell, Stanford 
"07. of the Poulsen Wireless Telegraph 
Companv, gave an intcresting talk on 
the “Commercial Side of Wireless 
Telegraphy." 


Тнкоор POLYTECHNIC INSTITUTE, 
PASADENA, CAL. 

The regular monthly meeting of this 
Branch was held on March 17, and was 
addressed by Mr. Ingles, of Los Angeles, 
who gave a talk on “ Alternating-Cur- 
rent Motors." 


The next regular meeting was held 
on Apri 14. After nominations for 
oflicers for the coming school year, 
Mr. H. C. Hill gave a talk on the heat- 
ing and ventilating svstem of the 
Throop  Polvtechnic Institute. The 
talk was illustrated by means of draw- 
ings, and the utility of the system was 
demonstrated by calculations. 


WASHINGTON. UNIVERSITY, 
ST. Lours, Mo. 
The thirtv-seventh meeting of the 
Washington University Branch was 
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held on March 21, in Cupples Hall II. 
After the transaction of several minor 
business matters, Mr. E. T. Mahood, 
plant engineer of the Bell Telephone 
Company of Missouri, gave a talk on 
the general methods of operating a 
large telephone company. He also gave 
a clear explanation of the operation 
of the telephone system in St. Louis. e 


WORCESTER POLYTECHNIC INSTITUTE 

The Worcester Polytechnic Institute 
Branch held its regular meeting on 
Friday evening, March 10. The sub- 
ject of the evening was a debate on the 
proposition “ Resolved, that the circle 
diagram is preferable to the brake test 
in determining the characteristics of 
an induction motor." The speakers 
were: for the affirmative, Messrs. 
Alfred L. Atherton, Patrick E. Hanaver, 
and Daniel J. Riordan; for the negat- 


tive, Messrs. Herbert E. Carrico, 
William К. Coley, and Charles Е. 
Stearns. Тһе first two men in each 


team were senior students in electrical 
enginecring, and the last junior students 
in electrical engineering, at the Wor- 
cester Polytechnic Institute. The 
judges were Messrs. Clarence W. Kin- 
ney, George R. Stobbs, and Wilhs 
L. Towne, who rendered a decision in 
favor of the affirmative. The debate 
was conducted under the following 
rules: 


A. Debaters. 

1. There shall be two competing 
teams, each of which shall consist of 
two seniors and one junior who are 
members of the W. Р. I. Branch but 
neither Members nor Associates of the 
А.Т. Е. E. 

2. Selection of debaters: The branch 
debate committee shall choose опе 
senior for each team and each senior 
thus chosen shall select the other senior 
for his team. Тһе two seniors of 
each team shall select the junior to 
complete their team. 

В. Debate Subject. 

3. The subject for debate shall be 
chosen by both teams, with the ap- 
proval of the debate committee. 
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С. Judges. 


4. There shall be three judges se- 
lected by the debate committee, with 
the approval of the debaters. 

9. At least onc of the judges shall be 
a man who is not an engineer. 


D. Debating. 


6. Each team shall speak not more 
than thirty minutes on first appearance. 

7. The debaters shall speak in turn, 
alternately from each team. 

8. The leader of each team shall be 
the only debater to appear the second 
time, and on such appearance shall 
speak not more than ten minutes, in 
rebuttal and summing up. 

9. Тһе teams shall compete in de- 
bate, on the subject set for debate, only 
at a meeting of the Branch. 

10. The chairman of the Branch 
shall preside at the debate. 


E. Questions. 


11. Questions shall be settled by the 
debate committee. 


Е. Inter pretation. 


12. These rules shall be interpreted 
by the chairman, with the assistance 
of the debate committee. 


On March 24 Mr. W. D'A. Ryan 
delivered a lecture before 75 members 
of the Branch, on ‘‘ Luminous and 
Flame Arcs versus Open and Enclosed 
Carbon Arcs for Street Illumination.” 
Mr. Ryan gave a brief history of the 
development of artificial illumination, 
paving particular attention to the arc 
lamp, showing how that lamp and the 
generator developed together. He 
showed charts for the comparison of 
illumination, discussed positive and 
negative illumination, and the neces- 
sity for the latter in efficient street 
illumination. He also showed тапу 
beautiful scenic and explanatory views 
of the spectacular illumination which 
he designed for Niagara Falls and the 
Hudson-Fulton Celebration. 
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Personal 


Мк. J. S. МЕНЕ, formerly electrical 
engincer for the Rockingham Power 
Company, is now in the engincering 
department of the Electric Bond and 
Share Company, 71 Broadway, New 
York City. 


Mr. RODMAN GILDER, secretary of 
the Crocker-Wheeler Company, Am- 
pere, N. J., has resigned to become as- 
sociated with the brokerage house of 
Dick Bros. and Company, 30 Broad 
Street, New York City. 


Mr. Tom H. GREGG has been pro- 
moted from the position of assistant 
superintendent to that of superinten- 
dent in the U. S. Lighthouse Service 
and assigned to duty in the Sixth 
District, Charleston, S. C. | 


MR. JOHN Н. Barker, formerly 
salesman in the special apparatus de- 
partment of the Diehl Manufacturing 
Company, has been appointed manager 
of the company's New York office, 90 
Prince Street. ( 


Mr. KEMPSTER В. MILLER, of Chi- 
cago, who is at present spending some 
time in Southern California, addressed 
the members of the Throop Poly- 
technic Institute Branch, Pasadena, 
Cal., on April 10. 


Ми. WiLLIAM MCCLELLAN, vice- 
president of the Campion McClellan 
Company of New York апа Phila- 
delphia, has been appointed electrical 
engineer of the Public Service Commis- 
sion, Second District, of New York 
State. 


MR. ALDIS E. HIBNER has resigned 
as assistant power engineer with the 
Toronto Electric Light Company, Tor- 
onto, Ont., to accept the position of in- 
dustrial engineer with the Livingston- 
Niagara Power Company, of 


N. Y. 


Avon, 
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Мк. HERBERT К. WILDE has left 
the testing department of the General 
Electric Company, at Schenectady, 
to enter the offices of Messrs. Andersen, 
Meyer and Company, Shanghai, China, 
agents of the General Electric Company, 
as supply specialist. 


Мк. HaARvE R. STUART has resigned 
as chief engineer. of the American 
Telegraphone Company's plant at 
Springfield, Mass., to accept a position 
in the engineering department of the 
Westinghouse Electric апа Manufac- 
turing Company at Pittsburg. 


Мк. F. I. Worrz has left the engi- 
necring department of the Wagner 
Electric Manufacturing Company, St. 
Louis, Mo., to accept a position with 
the Great Shoshone and Twin Falls 
Water Power Company, Twin Falls, 
Idaho. 


——— — 


PROFESSOR ELIHU THOMSON, of the 
General Electric Company, Lynn, Mass. 
.has been spending a few davs т South- 
ern California. On March 31 he ad- 
dressed the members of the Throop 
Polytechnic Institute Branch of the 
A.I.E.E. at Pasadena. 


Mr. S. J. HALL, until recently sales 
engineer in the Chicago branch of the 
Gould Storage Battery Company, has 
resigned his position and become as- 
sociated with the Vivax Storage Bat- 
tery Company as vice-president, with 
offices at 2228 Michigan Boulevard, 
Chicago. 


Мк. КгроіРН MEINIG has resigned 
his position with the Westinghouse 
Electric and Manufacturing Company, 
East Pittsburg, to become general 
electrical designer for Jones and Laugh- 
Пп Steel Company, Woodlawn, Ра. 
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Мг. Meinig's address is 494 Fourth 
Street, Beaver, Pa. 


Mr. GRAY STAUNTON, formerly of 
the Staunton Laboratory, Chicago, 
having completed all the experimental 
work and tests on his electrical insula- 
tion, has organized the Staunton Di- 
electric Rubber Company of Muskegon, 
Michigan, for the manufacture of elec- 
trical insulation, and will reside in that 
city. 


Mr. Е. У. SKELLEY, formerly with 
the Western Electric Company, and 
who for the past three months has been 
doing repair work for the Tri-City 
Railway Company, of Davenport, Iowa, 
has been appointed assistant superin- 
tendent of the Moline, East Moline and 
Watertown Railway Company, Moline, 
Ш. 


Mr. SAMUEL С. McMEEN, of Мс- 
Meen and Miller, Chicago and San 
Francisco, has returned to Chicago and 
will make his headquarters at the offices 
of the firm, 1454 Monadnock Block. 
For the last four years Messrs. МсМесп 
and Miller have been engaged upon the 
construction and development of in- 
dependent telephone properties in San 
Francisco and neighboring Californian 
cities, and this work has been under the 
direct charge of Mr. McMeen. 


EUGENE EICHEL, consulting engineer, 
of Berlin, Germany, editor of the Ger- 
man electric journal, Elektr. Kraftbe- 
triebe Bahnen. has founded, together 
with the inventor of the Ackley ad- 
justable brake, Mr. G. S. Ackley, of 
New York City, a German limited 
company for the manufacture and sale 
of Ackley brakes 1n Germany, Austria- 
Hungary, and Russia, under the firm 
name Deutsche Ackley Bremsen Com- 
pany, with offices at 42 and 43 Krausen 
Street, Berlin, S. W., 19. 


1011) OBITUARY 171 
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Mr. JOHN D. KEILEyY, electrical Company was organized, Мг. W. J. 


engineer of the New York Central 
and Hudson River Railroad Company, 
died of pneumonia at his residence, 
58 Arthur Street, Yonkers, М. Y., on 
April 21. The engineering profession 
thereby lost one of its most intellectual 
and resourceful leaders; one who has 
left an enviable record in the pioneer 
field of railroad electrification. 

Mr. Keiley was the son of Major 
J. D. Keiley, member of the Board 
of Education of the City of Brooklyn, 
and a director of the Brooklyn Rapid 
Transit Company. 
Brooklyn on February 6, 1871, and 
received his primary education in the 
Christian Brothers School of that city. 
He later entered the St. Francis 
Xavier College of New York City, 
and upon the completion of his course, 
went to Johns Hopkins University where 
he took a four year scientific course, 
specializing in electrical engineering. 
Upon graduation in 1893, he undertook 
some civil engineering work in South 
Carolina. 

In 1897 Mr. Keiley’s services were 
secured by the Brooklyn Rapid Transit 
Company in connection with the recon- 
struction of the Brighton Beach Rail- 
road and after a few months he was 
made assistant engineer. His natural 
work, however, was in the electrical 
field and his opportunity came when 
train movement tests were inaugurated 
by the Brooklyn Heights Railroad Com- 
pany. While engaged in this work, he 
invented an instrument to.record auto- 
matically the movement of the trains 
and simultaneously the readings of 
electrical instruments. This device was 
called by his associates, the '' Кейеуо- 
graph” a name which it still bears. 
Mr. Keiley's excellent record led to his 
appointment'as assistant master me- 
chanic, in which capacity he acted as 
technical advisor to the vice president 
of the Brooklyn Rapid Transit Com- 
pany, a position which he retained until 
1903. 

When the electric traction commission 


He was born in. 


Wilgus, then vice president, selected 
Mr. Keiley to become assistant elec- 
trical engineer. Не entered upon this 
work on February 1, 1903, and im- 
mediately began to solve the problems 
which attended the first great trunk 
line electrification. He brought to 
this work unbounded enthusiasm, a 
broad experience anda clear logical mind 
which was the inspiration of all with 
whom he was associated. His famili- 
arity with civil, mechanical and elec- 
trical engineering, in addition to his 
high mathematical talent, were of the 
greatest assistance to the commission 
and in recognition of his valuable ser- 
vices, he was appointed electrical engi- 
neer in 1906. 

''he dominant characteristic of Mr. 
Keiley's work was intcllectuality. Dis- 
passionate logic settled every problem 
that confronted him. Nothing was ever 
slighted, nothing ever decided by preju- 
dice. His assistants realize that they 
have been deprived of a friend who 
knew their exact worth and the higher 
officials feel that they have’ lost а 
man upon whom they could implicitly 
rely. 

Among Мг. Keiley's inventions are a 
self-ventilated armature, the Keileyo- 
graph, and a hand brake svstem for 
street cars. He also developed many of 
the practical details of the New York 
Central ty pe of under-contact third rail. 
His most valuable contribution to the 
art of electric railroading was the circuit 
breaker house system of third rail con- 
nection which has been the means of 
saving vast sums of money in copper 
cables and of increasing the safety to 
electrically operated railways. 

In 1907 Mr. Keilev, collaborating 
with Professor 5. W. Ashe, brought out 
a book entitled “ Electric Railways," 
which 15 largely used in technical col- 
leges throughout the country. 

Mr. Keiley was a member of the engi- 
neers’, Transportation, and New York 
Railroad clubs. He was also ап As- 
sociate of the American Institute of 
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Electrical Engineers, having been 
elected on July 25, 1902. 


Mr. EDWARD Bios WINTRODE, elec- 
trician with the Edison Company, 
Los Angeles, died on February 15, 1911. 
Mr. Wintrode was born in Huntington, 
Ind., on June 15, 1883, and was a 
graduate of the electrical department of 
Purdue University. Не became ап 
Associate. of the Institute оп Dc- 
cember 11, 1908. 


Mr. CHARLES J. LARSON, chief engi- 
neer, Union Electric Company, Du- 
buque, Iowa, died on April 6, 1911. 
Mr. Larson was born at River Falls, 
Wisconsin, оп March 2, 1872. He 
spent two years at the Minnesota State 
Normal School, and later took a two 
year special course in mathematics at 
Macalester College, St. Paul, Minn. 
Subsequently he entered the Rose 
Polytechnic Institute at Terre Haute, 
Ind., graduating as mechanical engi- 
neer in 1900. In October 1900 he 
entered the employ of Allis-Chalmers 
Company at Milwaukee, Wis., re- 
maining with that company for seven 
years. During the first five years he 
was engaged as erecting engineer on 
power plant installation, and the last 
two as district superintendent of erec- 
tion, eastern territory, with general 
supervision of installation of all ma- 
chinery sold by the Allis-Chalmers Com- 
pany їп eastern states. Не was ap- 
pointed chief engineer of the Union 
Electric Company іп August, 1908. 
Mr. Larson was elected an Associate of 
the Institute on March 13, 1908. 


Library Accessions 


The following accessions have been 
made to the Library of the Institute 
since the last acknowledgment. 
American Journal of Science. Index to 
Vols. 21-30, New Haven, 1911. 
(Exchanye.) 

Die Atmospharische Elektrizitàt. By 
Н. Mache and E. v. Schweidler. 
Braunschweig, 1909. (Рагсһазе.) 


Bekanntmachung über Prüfungen und 
Beglaubigungen durch die Elektri- 
schen Prüfáàmter. Nos. 55-59. N.p. 
n.d. (Gift of Physikalische- Techni- 
schen Reichanstalt.) 

Carnegie Institution. of Washington 
Department of Terrestrial Magne- 
tism. Annual Report of the Di- 
rector. 1910. (Reprinted from 
Year Book No. 9.) N.p. n.d. (Gift 
of Department of Terrestrial Mag- 
netism.) 

Connecticut Bureau of Labor Statistics. 
Report 24th, 1910. Hartford, 1910. 
(Gift of Commissioner of Labor 
Statistics.) 

Economical Fire Room Methods. By 
F. R. Low (reprint from Power 
and The Engineer ,Aug. 2, 1910). 
(Giftof B. F. Sturtevant Company.) 

Electric Light and Power Plants in the 
East, 1910. N.p. па. (Donor 
unknown.) 

Electric Railway Transportation. (An- 
nals of the American Academy of 
Political and Social Science.) Phila- 
delphia, 1911. (Purchase.) 

Electric Signaling for Electric Rail- 
ways. Report of Committee of 
Railway Signal Association, Oct. 
1910. Bethlehem, 1910. (Gift of 
Railway Signal Association.) 

Electrical Key, for use of Electrical 
Inspection Bureaus in Advising 
Electrical Contractors, Wiremen, 
etc., of Corrections Required so 
that installation will conform to the 
National Electrical Code and Mun- 

“амра Regulations. Compiled by 
Washington Devereux. п.р. 1911. 
(Gift of Am. Inst. Elec. Engrs.) 

Das Elektrische Bogenlicht. (Elektro- 
technik in Einzeldarstellungen. Bd. 
12.) By Ewald Rasch. Braun- 
schweig, 1910. (Purchase.) 

Elektromagnetische Schwingungen und 
Wellan. By J. К. von Geitler. 
Braunschweig, 1905.  (Purchase.) 


Engineering Law. Vol. I—Law of Con- 
tract. By Alexander Haring. 
Chicago, Myron С. Clark Pub- 
lishing Co., 1910. (Purchase.) 


1911) 


Die Fortschritte der Kinetischen Gas- 
theorie. Ву С. Jager. Braun- 
schweig, 1906. (Purchase.) 

Hawkins Electrical Dictionary. Ву 
N. Hawkins, New York, Theo. 
Audel & Co., 1910. (Purchase.) 

Ignition Hand-Book. By Н. К. Van 
Deventer. N.p. 1911. (Donor 
unknown.) 

Modernization of Automatic Fire Alarm 
Service. М.р. n.d. (Gift of Inter- 
national Electric Protection Com- 
pany.) 

Municipal Franchises. Vol. 2, By D. F. 


Wilcox. New York, Engineering 
News Publishing Co., 1911. (Pur- 
chase.) 


New York State Library. Yearbook of 
Legislation, 1908. Albany, 1910. 
(Gift of N. Y. State Library.) 


New York State Public Service Com- 
mission, Second District. Annual 
Report and Maps. 3d. Vols. 1-2, 
1909. Albany, 1910. (Exchange.) 


Official American Textile Directory. 
1910-11. Boston, n.d. (Purchase.) 


Principles of Electro Deposition. Ву 
samuel Field, New York, Long- 
mans, Green & Co., 1911. (Pur- 
chase.) 


Public Ownership of Telephones on the 
Continent of Europe .By A. N. 
Holcombe. Boston; N. Y., Hough- 
ton Mifflin Co., 1911. (Purchase.) 


Royal Society of London.  :Philo- 
sophical Transactions. Series A, 
Vol. 210. London, 1911. (Gift of 


Adams Fund.) 


Schweizerischer Elektrotechnischer Ver- 
ein. Statistik über Starkstroman- 
lagen. Allgemeiner Teil. Zentralan- 
lagen Kateforie A. 1909. Zurich, 
1910. (Gift of Schweizerischer 
Elektrotechnischer Verein.) 

Sch weizerischen Elektrotechnischen 
Vereins Annuaire de l'Association 
Suisse des Electriciens 1910-11. 
Zurich, 1911. (Exchange.) 

Society of Chemical Industry. List of 
Members, 1911. London, 1911. 
(Exchange.) 
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Telephonology. By H. R. Van Deventer. 
New York, McGraw Hill Book Co., 
1910. (Purchase.) 

Temperature Coefficient of Resistance 
of Copper. By J. H. Dellinger. 
(Reprint from Bull. of the Bureau 
of Standards, Vol. 7, No. 1.) 
Washington 1911. (Gift of U. S. 
Dept. of Commerce and Labor.) 

Three Phase Transmission. By William 
Brew. New York, Van Nostrand 
Co., 1911. (Purchase.) 

Treasury Construction Society. Pro- 
ceedings, 1911. М.р. 1911. (Gift 
of Treasury Construction Society.) 

Treatise on Electromagnetic Phe- 
nomena. Vol. І. By T. A. Lyons. 
New York, J. Wiley & Sons, 1901. 
(Purchase.) 

U. 5. Engineer School. Professional 
Memoirs. Jan- March, 1911. Wash 
ington Barracks, 1911. (Gift of 
Earl Wheeler & W. Н. Rose.) 

U.S. Interstate Commerce Commission. 

` Annual Report 24th, 1910. Wash- 
ington, 1911. (Exchange.) 

Annual Report of the Block Signal 

and Train Control Board. За, 

1910. Washington, 1911. (Ex- 

change.) 

Wireless Telephone Inductive System 
Its Construction and Operation. 
By A. B. Cole. New York, Man- 
hattan Electrical Supply Co., 1910. 
(Purchase.) 


Trade Catalogues. 


Allgemeine Elektricitats Gesellschaft. 
Berlin, Ger. Search Lights and 
accessories. 59 pp. 

Allis-Chalmers Co., Milwaukee, Wis. 
Bull. No. 1042. Generators “МІ” 
tvpe direct coupled to American 
Blower Co's. type “А” engine. 
15 pp. 

De Laval Steam Turbine Co., Trenton, 
М. ]. Single stage {уре steam tur- 
bines. 120 pp. 

James C. Biddle, Philadelphia, Pa. 
“ Meggers," a direct reading ohm- 
meter with a direct current hand 
dynamo to read current resistances 
without calculations. 40 pp. 
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Central Electric Со, Chicago, Ш. 
Price list and discount sheet of 
electrical supplies. 84 pp. 

Fort Wayne Electric Works, Fort 
Wayne, Ind. Wayne bell ringing 
transformer. 5 pp. 

----бірп and house lighting transform- 
ers. 6 pp. 

— —Bul. 1126—Fort Wayne electric 
fans. 26 pp. 

—-—Bull. No. 1120—-Type “А” clec- 
tric rock drill. 6 pp. 

— —Bull. No. 1122—Small motors and 
their applications, types SD, SA, 

. GD апа СА. 11 pp. 

Bull. No. 1123—Single phase pre- 

payment induction watthour meter, 

{уре K;. 10 pp. 

General Electric Co., Schenectady, 
№. У. Bull. No. 4791—Еесасг 
voltage regulators. 23 pp. 

---- Bull. No. 4800— Direct current 
motors, type CVC. 22 pp. 

-—-- Bull. No. 4811— Drum controllers 
for industrial service. 11 pp. 

— —Bul. No. 4812---Small direct cur- 
rent generators belted type CVC. 
10 pp. 

——-HBull. No. 4813— Type F, form P 

oil break switches for pole linc 

service. 3 pp. 

Bull. No. 4787— Wires and cables. 

74 pp. 

Pettingell-Andrews Co., Boston, Mass. 
Juice— January, 1911, giving live 
information about electrical goods. 
16 рр. 

General Electric Co., Schenectady, №. 
У. February, 1911, index to bulle- 
tins. 8 pp. 

----ВаП. No. 4799— Waterwhecl-driv- 

en alternators. 11 pp. 

Bull. No. 4817—G. E. 214 railway 

motor. 18 pp. 

Bull. No. 4806—Electric fans and 

small power motors. 412 pp. 


—— Bull. No. 4815—-Motor drive for 
metal working machinery. 25 pp. 


Pettingell-Andrews Co., Boston, Mass. 
Juice, March, 1911, a trade maga- 
zine devoted to the interest. of 
electricity users. 16 pp. 


Philadelphia Electric Co., Phila., Pa. 
Bulletin, March, 1911, devoted to 
electric light and power distribu- 
tion in Philadelphia. 20 pp. 

Sprague Electric Со. New York— 

Sprague conduit products. 48 pp. 

Bull. No. 111—Partial hst of in- 

stallations engine type generators. 

15 pp. 

Westinghouse Electric & Мір. Co., 

Pittsburg, Pa. Bull. No. 1028— 

Rotary converters. 14 pp. 

Bull. No. 1190— Engine driven а.с. 

generators 50-1100 kva., 60-cycles, 

210-2400 volts. 14 рр. 

Seven additional sheets to per- 

petual catalogue. 16 pp. 


UNITED ENGINEERING SOCIETY 


Buildings of Reinforced Concrete. By 
Chas. Derleth, Jr. (Paper read 
before the 34th Annual Meeting 
of the Fire Underwriters Associa- 
tion of the Pacific held Jan. 11-12, 
1910.) n.p. n.d. (Gift of author.) 

Coal Mining Institute of America. 
Proceedings. 1908, 1909. N.p. n.d. 
(Gift of Coal Mining Institute of 
America.) 

Congressional Directory. 61st Congress, 
За session, 1911. Washington, 1911. 
(Gift of Senator Root.) 

Forslag till en Svea Kanal. 1-2. By 
С. C. Engstróm. Stockholm, 1908, 
1910. (Gift of author.) 

Foundations for the municipal building, 
New York, By Maurice Deutsch. 
(Reprinted from School of Mines 
Quarterly, Vol. 32, No. 1.) (Gift 
of the Foundation Company, N. Y.. 

Massachusetts State Forester. Annual 
Report 7th, 1910. Boston, 1911. 
(Gift of Massachusetts State For- 
ester.) 

Meter Code of the Association of 
Edison Illuminating Companies, 
1910. New York, 1910. (Gift of 
Association of Edison Illuminating 
Companies.) 

Nebraska State Railway Commission. 
Annual Report 3d, 1910. Nebraska, 
n.d. (Gift of State Railway Com- 
mission.) 
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OFFICERS AND BOARD OF DIRECTORS, 1910-1911. 


PRESIDENT. 
(Term expires July 31, 1911.) 
DUGALD С. JACKSON. 


JUNIOR PAST-PRESIDENTS. 


LOUIS A. FERGUSON. 


(Term expires July 31, 1911.) 


JOHN J. CARTY. 
PAUL M. LINCOLN. 
PAUL SPENCER. 


VICE-PRESIDENTS. 
(Term expires July 31, 1912.) 


LEWIS B. STILLWELL 


MORGAN BROOKS. 
HAROLD W. BUCK. 
PERCY H. THOMAS. 


MANAGERS. | 

(Term expires July 31, 1911.) . (Term expires July 31, 1912.) (Term expires July 31, 1913.) 
DAVID B. RUSHMORE. A. W. BERRESFORD. H. H. BARNES, JR. 
W. G. CARLTON. WILLIAM S. MURRAY. R. G. BLACK. 
CHARLES W. STONE. HENRY H. NORRIS. W. S. RUGG. 
H. E. CLIFFORD. SEVERN D. SPRONG. C. E. SCRIBNER. 

TREASURER. (Term expires July 31, 1911.) SECRETARY. 
GEORGE А. HAMILTON. i RALPH W. POPE. 


Nots:—The Institute Constitution provides that the above named twenty-three officers shall 
constitute the Boerd of Directors. 


PAST-PRESIDENTS.—1884-1910. 


A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-3. 
CHARLES Р. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, Jr., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY GORDON STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS BUCKLEY STILLWELL 
1909-10 


ASSISTANT SECRETARY. GENERAL COUNSEL. 


PREDERICK L. HUTCHINSON, PARKER and AARON, 
33 West 39th Street, New York. 52 Broadway, New York 


*NORVIN GREEN, 1884-5-б. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 
*Deceased. | 


LOCAL HONORARY SECRETARIES. 


JAMES 5. FITZMAURICE, W. G. T. GOODMAN, 
210 George St., Sydney, N. S. W. Adelaide, South Australia. 
Н.Р. PARSHALL, ROBERT J. SCOTT, 


Salisbury House, London Wall, E. C., London. Christ Church, New Zealand. 
L. A. HERDT, McGill University, Montreal, Que. HENRY GRAFTIO, St. Petersburg, Russia. 
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STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
DUGALD C. JACKSON, Chairman, 


84 State St., Boston, Mass. 


JOHN J. CARTY, New York. 

GEORGE A. HAMILTON, Elizabeth, N. J. 
RALPH W. POPE, New York. 

PAUL SPENCER, Philadelphia, Pa. 
LEWIS B. STILLWELL, New York. 
CHARLES W. STONE, Schenectady, N. Y. 


FINANCE COMMITTEE. 
А. W. BERRESFORD, Chairman, 


Milwaukee, Wis. 


S. D. SPRONG., New York. 
PERCY H. THOMAS, New York. 


LIBRARY COMMITTEE. 
SAMUEL SHELDON, Chairman, 


Brooklyn Polytechnic Inst., Brooklyn, М. У. 


А. BEMENT, Chicago, Ill. 

C. F. BURGESS, Madison, Wis. 
GANO DUNN, Ampere, N. J. 
J. P. MALLET, Elizabeth, N. J. 
C. E. SCRIBNER, New York. 
PHILIP TORCHIO, New York. 


MEETINGS AND PAPERS COMMITTEE. 
GEORGE F. SEVER, Chairman, 


Columbia University, N. Y. 


PHILIP Р. BARTON, Niagara Falls, М. У. 
P. JUNKERSFELD, Chicago, Ill. 

А. S. LANGSDORF, St. Louis, Mo. 

P. M. LINCOLN, Pittsburg, Pa. 
HAROLD PENDER, Boston, Mass. 
H. ST. CLAIR PUTNAM, New York. 
SAMUEL REBER, New York. 

L. T. ROBINSON, Schenectady, N. Y. 
FRANK J. SPRAGUE, New York. 
PERCY H. THOMAS, New York. 

N. T. WILCOX, Lowell, Mass. 


EDITING COMMITTEE. 
А. F. GANZ, Chairman, 


Stevens Institute, Hoboken, N. J. 


H. E. CLIFFORD, Cambridge, Mass. 
GANO DUNN, Ampere, N. J. 

А. S. MCALLISTER. New York. 

R. F. SCHUCHARDT, Chicago, Ill. 


BOARD OF EXAMINERS, 
W. С. CARLTON, Chairman, 


Grand Central Station, New York. 


C. С. CHESNEY, Pittsfield. Mass. 
MAURICE COSTER, New York. 
P. JUNKERSFELD, Chicago, Ill. 
PAUL SPENCER, Philadelphia, Pa. 


SECTIONS COMMITTEE. 


P. M. LINCOLN, Chairman, 
P. O. Box, 911, Pittsburg, Pa. 


GEORGE A. HOADLEY, Swarthmore, Pa. 
C. H. HODSKINSON, Boston, Mass. 
А. S. LANGSDORER, St. Louis, Mo. 
GEORGE R. MURPHY, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
HENRY H. NORRIS, Ithaca, N. Y. 
W. H. POWELL, Milwaukee, Wis. 
E. L. WEST, Denver, Colo. 
J. B. WHITEHEAD, Baltimore, Md. 
H. P. WOOD, Atlanta, Ga. 
F. WOODMANSEE, Chicago, Ill. 
Chairman of all Sections, ex-officto members. 


STANDARDS COMMITTEE. 


C. A. ADAMS, Chairman, 
Harvard University, Camoridge, Mass. 


А. E. KENNELLY, Secretary, Cambridge, Mass. 
Н. W. ВОСК, New York. 

GANO DUNN, Ampere, N. J. 

H. W. FISHER, Pittsburg, Pa. 

H. B. GEAR, Chicago, Ill. 

J. P. JACKSON, State College, Pa. 

W. L. MERRILL, Schenectady, N. Y. 
RALPH D. MERSHON, New York. 

W. $. MOODY, Pittsfield, Mass. 

R. A. PHILLIP, Boston, Mass. 

W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, Pittsburg, Pa. 

E. B. ROSA, Washington, D. C. 

C. P. STEINMETZ, Schenectady, N. Y. 
CALVERT TOWNLEY, New Haven. Conn. 


CODE COMMITTEE. 


FARLEY OSGOOD, Chairman, 
763 Broad St., Newark, N. J. 


W. H. BLOOD, JR., Boston, Mass. 
MORGAN BROOKS, Urbana, Ill. 

F. E. CABOT, Boston, Mass. 

Н. C. CUSHING, JR., New York. 

J. C. FORSYTH, New York. 

GEORGE F. SEVER, New York. 
JOHN B. TAYLOR, Schenectady, N. Y. 
H. S. WARREN, New York. 


LAW COMMITTEE. 


HENRY G. STOTT, Chairman, 
600 West 59th St., New York. 


H. E. CLIFFORD, Cambridge, Mass. 

P. M. LINCOLN, Pittsburg, Pa. 

H. ST. CLAIR PUTNAM, New York. 
BARTON R. SHOVER, Youngstown, O. 
CHARLES A. TERRY, New York. 
CALVERT TOWNLEY, New Haven, Conn. 
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SPECIAL COMMITTEES. 


RAILWAY COMMITTEE. 


FRANK J. SPRAGUE, Chairman, 

165 Broadway, New York 
A. H. BABCOCK, San Francisco, Cal. 
FREDERICK DARLINGTON, Pittsburg, Pa. 
L. С. FRITCH, Chicago, Ш. 
CARY T. HUTCHINSON, New York. 
WILLIAM B. JACKSON, Chicago, III. 
EDWIN B. KATTE, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. B. POTTER, Schenectady, N. Y. 
LEWIS B. STILLWELL, New York. 
В. Р. WOOD, Altoona, Pa. 


EDUCATIONAL COMMITTEE. 
А. S. LANGSDORF, Chairman, 


Washington University, St. Louis, Mo. 


W. L. ABBOTT, Chicago, Ш. 

M. C. BEEBE, Madison, Wis. 

C. C. CHESNEY, Pittsfield, Mass. 

W. Е. М. GOSS, Urbana, Ш. 

E. P. HYDE, Cleveland, Ohio. 

J. P. JACKSON, State College, Pa. 
RALPH D. MERSHON, New York. 
HENRY H. NORRIS, Ithaca, N. Y. 
GEORGE F. SEVER, New York. 

С. Р. STEINMETZ, Schenectady, М. Y. 


ELECTRIC LIGHTING COMMITTEE. 
P. JUNKERSFELD, Chairman, 


139 Adams Street, Chicago, Ш. 


К. С. BLACK, Toronto, Ont. 

М. C. L. EGLIN, Philadelphia, Pa. 

L. L. ELDEN, Boston, Mass. 

H. W. FISHER, Pittsburg. Pa. 

F. W. FRUEAUFF, Denver, Colo. 
WILLIAM B. JACKSON, Chicago, Ill. 
J. А. LIGHTHIPE, Los Angeles, Cal. 
W. H. POWELL, Milwaukee, Wis. 
WM. LISPENARD ROBB, Troy, N. Y. 
W. S. RUGG, New York. 


P. D. WAGONER, Long Island City, L. I., N. Y. 


HIGH TENSION TRANSMISSION COMMITTEE. 


PERCY Н, THOMAS, Chairman, 


2 Rector Street, New York. 


H. W. BUCK, New York. 

САМО DUNN, Ampere, М. ]. 

М. 5. LEE, Charlotte, М. С. 

RALPH D. MERSHON, New York. 

W. S. MOODY, Pittsfield, Mass. 

FARLEY OSGOOD, Newark, N. J. 

HUGH PASTORIZA, Provo, Utah. 

HAROLD PENDER, Boston, Mass. 

HARRIS J. RYAN, Stanford University, Cal. 
W. I. SLICHTER, Columbia University, N. Y. 
H. S. WARREN, New York. 


INDUSTRIAL POWER COMMITTEE. 


N. T. WILCOX, Chairman, Lowell, Mass. 
D. B. RUSHMORE, Schenectady, N. Y. 
C. A. ADAMS, Cambridge, Mass. 

R. S. FEICHT, Pittsburg, Pa. 

F. G. GASCHE, Chicago, Ill. 

R. S. HALE, Boston, Mass. 

S. Г. LISBERGER, San Francisco, Cal. 
HOMER NIESZ, Chicago, Ill. 

J. C. PARKER, Rochester, N. Y. 

H. H. SCOTT, New York. 

R. B. WILLIAMSON, Milwaukee, Wis. 


TELEGRAPHY AND TELEPHONY COMMITTEE. 
SAMUEL REBER, Chairman, 
39 Whitehall St., New York. 
WILLIAM MAVER, JR., New York. 
MORGAN BROOKS, Urbana, Ill. 
W. L. CAMBELL, Chicago, Ill. 
F. J. DOMMERQUE, New York. 
F. B. JEWETT, New York. 
S. G. McMEEN, Chicago, Ill. 
FRANKLIN H. REED, Chicago, Ill. 
C. E. SCRIBNER, New York. 
J. G. WRAY, Chicago, Ill. 


ELECTROCHEMICAL COMMITTEE. 

PHILIP P. BARTON, Chairman, 
Niagara Falls, N. Y 

L. ADDICKS, Elizabeth, N. J. 
H. H. BARNES, JR., New York. 
C. F. BURGESS, Madison, Wis. 
A. F. GANZ, Hoboken, N. J. 
W. B. HALE, City of Mexico, Mex. 
CARL HERING, Philadelphia, Ра. 
A. E. KENNELLY, Cambridge, Mass. 
S. M. KINTNER, Pittsburg, Pa. 
W. S. RUGG, New York. 
JOHN B. TAYLOR, Schenectady, N. Y. 


POWER STATION COMMITTEE. 

H. ST. CLAIR PUTNAM, Chairman, 
100 Broadway, New York. 

W. L. ABBOTT, Chicago, Ill. 
H. H. BARNES, JR., New York. 
PHILIP P. BARTON, Niagara Falls, N. Y. 
B. A. BEHREND, Pittsburg, Pa. 
Н. A. LARDNER, San Francisco, Cal. 
G. I. RHODES, New York. 
D. P. ROBINSON, Boston, Mass. 
С. A. RODENBAECK, Boston, Mass. 
E. F. SCATTERGOOD, Los Angeles, Cal. 
S. D. SPRONG, New York. 


INDEXING TRANSACTIONS COMMITTEE. 
G. I. RHODES, Chairman, 
600 West 59th Street, New York. 
W. G. CARLTON, New York. 
C. E. EVELETH, Schenectady, N. Y. 
М. С. LLOYD, Chicago, Ш. 
HENRY С. STOTT, New York. 
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SPECIAL COMMIT TEES—Continued. 


CONSERVATION OF NATURAL RE- 
SOURCES COMMITTEE. 


LEWIS B. STILLWELL, Chairman, 


100 Broadway, New York. 


HENRY G. STOTT, New York. 
H. W. BUCK, New York. 

A. M. HUNT, San Francisco, Cal. 
W.S. LEE, Charlotte, N. C. 

A. M. SCHOEN, Atlanta, Ga. 

С. Е. WALLACE, Boston, Mass. 


MEMBERSHIP COMMITTEE. 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 


R. G. BLACK, Toronto, Ont. 

C. W. BURKETT, San Francisco, Cal. 

F. L. HUTCHINSON, New York. 

E. N. LAKE, Boston, Mass. 

W. A. LAYMAN, St. Louis, Mo. 

С. Е. MAGNUSSON, Seattle, Wash. 

E. B. MERRIAM, Schenectady, N. Y 

W.S. MURRAY, New Haven, Conn. 

N. J. NEALL, Boston, Mass. 

W. D. WEAVER, New York. 

H. P. WOOD, Atlanta, Ga. 

INTERMEDIATE GRADE OF MEMBER- 

SHIP COMMITTEE. 

CHARLES W. STONE, Chairman, 


Schenectady, N. Y. 


CHARLES F. SCOTT, Pittsburg, Pa. 
T. E. BARNUM, Milwaukee, Wis. 

А. M. HUNT, San Francisco, Cal. 

А. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
G. C. SHAAD, Lawrence, Kansas. 


HISTORICAL MUSEUM COMMITTEE. 
T. C. MARTIN, Chairman, 


29 West 39th Street, New York. 


JOHN J. CARTY, New York. 

L. A. FERGUSON, Chicago, Ill. 

JOHN W. LIEB, JR., New York. 

E. W. КІСЕ, JR., Schenectady, М. Y. 
CHARLES A. TERRY, New York. 
CALVERT TOWNLEY, New Haven, Conn. 


RELATIONS OF CONSULTING ENGINEERS 
COMMITTEE. 
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FLYWHEEL LOAD EQUALIZER ` 


BY W. М. MOTTER AND Г. L. TATUM 


The use of flywhecls to equalize the loads on steam engines, 
punch presses, rolling mills and other machinery of this class has 
been known for years but its use in connection with electrical 
machinery for operating hoists, steel rolls, etc., is comparatively 
new. 

Peak loads of relatively long duration are universally handled 
either direct by the generating equipment or with the assistance 
of storage batteries, but for conditions where the peak load is 
of short duration, the flywheel equalizer is cheaper, more effi- 
cient and better suited. 

For short peak loads, such as are met with on rolls, punches, 
planers, etc., where non-reversible motors are used, the flywheels 
are direct-driven by the motor on which the load comes, and 
the flywheel transforms only the energy of the peaks. Where the 
driving motor must be reversible, such as in steel mills, electrical 
hoists, etc., the flywheel is necessanly carried by some other 
device, usually a motor-generator which acts as a link in the 
transmission system, and whether the supply be direct or al- 
ternating current, the energy 1s all transformed from electrical 
to mechanical, and from mechanical back again to electrical. 

It is the purpose of this paper to give data from an installation 
now in operation, which is a typical example of conditions 
existing in many parts of the country where reversible motors 
are used, and in which a flywheel may be used to transform 
the energy of the peaks only. The installation used as an ex- 
ample is an ore hoisting equipment. The load to be handled 
consists of three ore bridges, each equipped with three 125-h.p., 
one 75-h.p., and one 5-h.p., 500-volt motors, aggregating 1365 h.p. 
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The capacity of these hoists is 10,000 tons of ore in ten hours. 
The power is obtained from the feeders of a 550-volt trolley 
system some 1,100 ft. (335 m.) from the generating station. 

Graphical records taken to determine the number and size of 
peak loads in a certain given time showed the following results: 

Record No. 1. Highest peak 1,200 amperes for ten seconds; 
about one peak of 1000 amperes every five minutes. Most 
peaks average 600 amperes. 

Record No. 2. Highest peak 1,400 amperes; about one peak 
reaching 1,100 to 1,200 amperes every five minutes: Average 
peak about 850 amperes. 

Record No. 3. Maximum peak 1,600 amperes, other peaks 
of 1,400 amperes about once every 15 minutes, most of the peaks 
not exceeding 800 ampcres. 

Record No. 4. Maximum peak 1000 amperes, most peaks not 
exceeding 700 amperes. | 

The ratio of average amperes to maximum amperes ranges 
from 17 to 25 per cent and the maximum kilowatt demand is 
880. When unloading wet ore this ratio is reduced and the 
maximum demand naturally increased, the loads being sufficient 
at many times to open a circuit breaker which was set at 2000 
amperes. | 

Analysis of the above records show а recorded maximum load 
of 1600 amperes, while the tripping of the circuit breaker when 
handling wet orc shows 2000 ampcres, ог 1,100 kw. These peaks 
were necessarily considered in determining the demand charge for 
service, but inspection of the record indicated an average load 
of only 300 to 400 amperes, with a maximum of 600 amperes, or 
330 kw., 1 the short peaks could be eliminated or absorbed. 

The problem then was to obtain a method of keeping the peak 
loads down to 600 amperes and thereby obtain a maximum 
demand charge on this basis. То secure this reduction, three 
methods werc offered, namely, a storage battery, motor-genera- 
tor sets, and an idle motor with flywheel floating on the 550-уо 
line. | 

Taking the cost, weight, and floor space of the idle motor 
equipment as unity, the storage battery proposition would cost 
initially 3.9 to 4.6 depending on tvpe of regulation. Тһе main- 
tenance of the battery would be higher than would be expected 
either of the motor-generator set or the floating flywheel motor 
sct. Of course, the battery in itself would be free from moving 
parts, but a booster would be necessary in connection with it. 
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Again, it would be necessary for this booster to respond only in 
proportion to the change in amperes required by thefhoists and 
be unresponsive to variation in the railway load which is on the 
same feeder. The battery would, however, transform only the 
peak loads, the average being carried directly by the feeder. 
The efficiency of the double transformation, including the booster 
losses, was estimated at not over 66 per cent. 

The motor-generator set of 2,000 amperes, or 1100 kw., peak 
loads would cost on the above basis about 1.13. The weight, 
including the flywheel, would be about 1.5, and the efficiency at 
2,000 amperes would be about 81 per cent. Under normal con- 
ditions, with a load of zero to 1000 amperes, averaging 300 am- 
peres, the efficiency of the set would approximate 72 per cent, 
or a constant running loss of 65 kw. The regulation of the set 
would be excellent, using a compound-wound motor and com- 
pound-wound generator, and would require no auxiliary ap- 
paratus ta secure this regulation. It would not have any 
_ great tendency to assume any part of the railroad load. 

The third proposition, namely, the motor with a flywheel 
floating on the line would cost 1. The function of this machine 
would be quite similar to that of the storage battery in that it 
would furnish the energy for the peak loads and there would be 
no transformation of the normal energy absorbed. by the hoist 
motors. Тһе constant running loss would be about 38 kw., ог 
for an average load of 300 amperes, an efficiency of 80 per cent. 

This form offered advantages over the battery of lower first 
cost, higher efficiency, lower depreciation, greater simplicity 
of regulation and less floor space. Over the motor-generator 
it offered the advantages of lower first cost, higher efficiency and 
less weight and floor space. It was, therefore, decided to install 
a motor with a flywheel floating on the line, and specifications 
were drawn up requiring that no more than 600 amperes be 
drawn from the line when a peak load of 2000 amperes was de- 
livered to the hoist. This meant that the flywheel must be of 
such capacity as to deliver 1,400 amperes at 550 volts for 15 
seconds. 

The apparatus installed consisted of an interpole motor of 
300-kw., 550-volt, 600-rev. per min. rating for normal capacity, 
with an over-load capacity of 850 kw. for 15 seconds, with a 
drop in speed of 22 per cent. The flywheel was a solid cast steel 
disk nine ft. (2.7 m.) in diameter by 153 in. (39.3 cm.) face. 

The armature and rotating parts weigh 47,275 lb. (21,442 kg.), 
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which at 600 rev. per min., represents 25,700,000 ft-lb. of energy 
stored. (ft-lb. =kg-m. 7.233). At 470 rev. per min. the energy 
stored equals 16,000,000 ft-lb., or with a 22 per cent drop in 
speed there would be delivered 9,700,000 ft-lb. of energy. If 
this change in speed took place in 15 seconds, the energy deliv- 
ered would be 875 kw. or 1600 amperes at 550 volt, or more than 
the maximum peak required, as shown by the original records. 
Бір. 1 shows the flywheel generator set as installed. The fly- 
wheel was housed in a sheet steel casing to prevent accident 
and to reduce the windage loss. This windage loss even on a 
smooth surface becomes a factor when a peripheral speed of 


Fic. 1. 


Flywheel generator set 


17,000 ft. (5181 m.) per minute is reached. The reduction in 
windage loss, due to the cover being on, amounted to 2.1 kw. 
Fig. 215 а schematic diagram of the main electrical connections. 
‘The motor was compound-wound, the series winding being on 
the load side of the circuit between the hoist and the motor. 
This allowed operation as a shunt motor when the flywheel 
was taking energy from the feeder, but when delivering energy 
to the hoists the machine acted as a compound-wound generator. 
Since the hoists took some. or the average, current directly from 
the feeder, which would, at all times, partially energize the series 
winding, a magnetic switch S S (Fig. 2) was installed to short- 
circuit it. А current relay, С В (Fig. 2) controlled the magnetic 
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switch opening the short-circuit around the series winding at a 
hoist current of 400 amperes. At 400 amperes the series winding 
was suddenly energized and the counter e.m.f. of the machine 
raised enough to cause it to deliver energy to the circuit, instead 
of absorbing energy fromit. The series winding was so adjusted 
that the delivered energy was approximately proportional to the 
current in the series coil, making the machine take the desired 
proportion of the total load. When the demand dropped to 
about 300 amperes the series coil was again short-circuited 
dropping the voltage, so that the flywheel again absorbed energy. 

Fig. 2 also shows the shunt field connection scheme. On 
account of the approximately constant line voltage, and the 
variable speed, 470 to 615 rev. per min., it was necessary to 
adjust automatically the shunt field strength to suit the momen- 
tary values of the speed. If the ficld was too weak, the motor 
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Fic. 2.—Schematic diagram of principal connections 


current or rate of absorbing energy would be too high, while if 
generating, the voltage would be too low to allow the machine 
to take its proper proportion of the total. Either case would 
throw heavier loads оп the feeder. То correct for this, current 
relays, Ri Rs Ёз, etc., (Fig. 2), were connected in the feeder and 
arranged to commutate resistance in series with the shunt field. 
These were set to operate at different values, from 400 to 600 
amperes. Below 400 amperes, that is, below (һе average load, 
all тејауѕ were open, and weak field existed, tending to give 
maximum speed to the flywheel. Above 400 amperes feeder 
current some relays closed, strengthening the field, and reducing 
the motor current, or increasing the generated current, de- 
pending on whether the series coil was in action or not. Undera 
sustained peak the flywheel would slow down gradually and the 
field would strengthen gradually until with the wheel at its 
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lowest speed, 470 rev. per min., and maximum field strength, 
the feeder would be supplying 600 amperes. 

The function of the-shunt field regulation was therefore to 
maintain the voltage of the flywheel machine approximately 
equal to the feeder voltage under all conditions of speed, while 
the auxiliary series field and its switch and relay changed the 
characteristics from those of a motor to those of a generator as 
needed. 

As part of the control system, a current limiting relay self- 
started was provided to automatically take care of the necessarily 
slow start, and several safety features were added. The troubles 
to be anticipated were overload, overspeed, and pumping back 
into the feeder in case of lowering or failure of supply voltage. 
The first two would be local troubles, needing investigation of 
the attendant before restarting. Overload was cared for by 
automatically cutting the flywheel machine off the feeders, 
requiring manual operation of the control switch for resetting. 
Overspeed was cared for by a centrifugal device on the shaft of 
the machine opening the circuit the same as an overload, but 
requiring resetting of the governor as well as the control switch 
before starting. Pumping back, being due to causes beyond the 
control of the attendant, was made automatic. A reverse cur- 
rent relay tripped at about 200 amperes reverse current, inserting 
а resistance to limit the value of the reverse current. Оп 
restoration of line voltage, the current would flow in the normal 
direction, the relay reset, and the flywhecl automatically restart, 
or regain speed. 

Fig. 3 is the detail connection diagram of the system. 

After the system was installed and adjusted, provisions were 
made for taking simultaneous graphical meter curves on the 
feeder and on the load circuits. These curves are shown in 
Fig. 4. The upper curve, noted as accelerating curve, shows the 
cycle through which the machine passes when started up. Due 
to the high voltage the initial surge of the current exceeds the 
600 limit slightly, falling off, as the motor accelerates, to 275 am- 
peres after 12 minutes. Тһе first accelerating switch then closes 
giving a second surge of 500 amperes. The current then gradu- 
ally falls for about 1} minutes when the second switch comes in, 
etc. It isinteresting to note that after the fourth peak the cur- 
rent line becomes wavy due to the voltage fluctuation with but 
little resistance in the circuit. The fifth peak is caused by the 
closing of the last switch putting the armature directly on the 
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line. At this point the speed is 470 rev. per min., which comes 
after about 45 minutes. As the current decreases further the 
line relays come into plav, weakening the field for further ac- 
celeration. The ficld relays were maintained closed up to this 
point, at currents much below their normal settings, by sending 
the entire current through them, but at 65 minutes, at a current 
of 180 amperes, a switch closed shunting half the current from 
the relays so as to reduce their settings by one half. The large 
oscillations immediately following show the hunting of these 
relays while reestablishing equilibrium. The machine had 
reached its full speed at the end of seven minutes. 

A record of 2% hours duration was made on this machine. 
The portion shown in Fig. 41s a typical result of the entire record. 
The first three minutes were made under normal conditions, 
that is, the three hoists were operating independent of each 
other. From the third to the sixteenth minute an attempt 
was made to get the maximum peak by operating all hoists 
simultaneously. А maximum of 1600 amperes was ob- 
tained in the fifteenth minute and the line current at this 
point reached 600 amperes, and again reached, 600 amperes with 
a succeeding peak of 1300 amperes. It will be noted, however, 
that these peaks fall within one minute of each other at the end 
of a series of excessive peaks, and the speed of the flywheel was 
much reduced. Correcting for the low speed it was found that 
there was sufficient energy in the wheel to deliver 2000 amperes 
to the hoist and not draw more than 600 from the line. From 
the sixteenth minute on, the operating conditions were again 
normal, the flywheel having regained its normal speed. During 
part of the test, not shown on the curves, the machine was run 
with the series field in circuit constantly. The effect of this was 
to smooth out the line current curve, but it would not keep the 
maximum peak loads as low as when the relavs were set to cut 
the series іп and out of circuit, due to the added excitation of the 
series field holding down the maximum speed and thus reducing 
the stored energv. 

The regulation of this set 15 bascd on raising its voltage above 
that of the feeder just enough to take its share of the load, and, 
as shown, this share varies with the specd, being more at maxi- 
mum and less at low speed. Оп the end of a feeder line this 
variation does no harm, merely shifting a varving proportion 
to the power house. If, however, the set were installed in the 
power house with no line drop between the main generators and 
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the flywheel set, this variation would probably cause the flywheel 
to take the entire station load at maximum speed, while at 
minimum speed it might take none. With over-compounded 
generators this would probably be true, but with a drooping 
characteristic of the main generators the trouble would be re- 
duced. These conditions, however, make it very doubtful 
whether successful operation could be obtained with the set 
installed in, or very close to, the main generating plant. If used 
with a synchronous converter, which would give the necessary 
drooping characteristics, such a set could be advantageously 
used in the power house with alternating-current generators 
as the main source of supply. 

The action of the set has been verv satisfactory from a me- 
chanical and electrical standpoint. From a financial point it 
has also been exceptionally good, as shown bv the following 
table which gives the cost of current and the ore handled by the 
dock for corresponding months in the last three vears. In 
1908 the flywheel set was not in operation. In 1909 and 1910 
it was used. 


1908 | 1909 1910 | 


А 1 
Топз Cost Per ton Tons Cost Perton Tons Cost | Per ton 


SE CNR 


Sept...... 32336 $820 0.0255 82097 $652 0.0080 67715 , $560 ‚0.0083 | 
Ос... . 39900 910 0.0227 96183 592 0.0062 54558 | 510 | 0.0094 
| 


Nov...... 36175 870 0.0240 94614 1202 0.0077 35287 


480 0.0136 


Whether ог not the installation of such apparatus 15 warranted 
requires a careful study of load peaks as well as rates. Where the 
definition of “ peak " as used in determining rates is а main- 
tained rate for 15 minutes or more, it would be manifestly unwise. 
In fact, a maintained rate of even 600 amperes for 15 seconds 15 
not shown on the load chart, though an average for 15 seconds 
would be found much higher than 600 amperes. A five-second 
peak of 1100 amperes, a three-second peak of 1300 amperes, 
and a momentary peak of 1600 amperes are found. 

As an example, the rates applving around Duluth may be 
applied to this chart. The demand rate may be based on 40 
per cent of a momentary peak, or 50 per cent of a one-minute 
peak, ог 662 per cent of a three-minute peak, or the net value of 
a five-minute peak. The 40 per cent momentary value is largest, 
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and is 640 amperes or 352 kw. The other peaks would all be 
zero, аз at по place оп the chart is found a full minute without a 
zero reading. The demand charge, or reservation charge, is 
$1.00 per kw. per month on the maximum rate adjustment above, 
or $352 per month. Тһе current charge is made up of two items; 
seventy hours at demand rate and $0.0125 per kw. hr., or 24,640 
kw-hr. at $0.0125, or $308. Тһе balance is at the rate of 
$0.006 per kw-hr. On the assumption of 260 hours per month 
at 250 amperes, or 1373 kw. average, the kilowatt-hours would be 
35,750, leaving a balance of 11,110 kw-hr. for which the rate is 
$0.006 or $66.66, making a total of $726.66. 

With the flywheel, the integrated load would be increased 
to say 300 amperes or 165 kw., or 42,900 kw-hr. The demand 
would be 40 per cent of 600 amperes or 240, or on a five-minute 
net rate would be 300 amperes or 165 kw. The latter would, 
therefore, be the base rate. The demand charge would then be 
$165. Тһе first item of charge 165X70, equals 11,550 kw-hr., 
at $0.0125 or $144.37. and the remaining 31,350 kw-hr. at 
$0.006 equals $188.10, or a total of $497.47, a reduction of approx- 
imately $230 per month. If, however, the hoist stood idle for a 
month with no current consumption whatever, the presence of 
the set would mean a reduction in the demand charge from 
$352 to $165, or a saving of $187. 

In cases where the supply is alternating current, direct-current 
motors can be used with a synchronous converter, and a direct- 
current fly wheel set, with the transformers and converter having 
only capacity for slightly more than the integrated load, while 
the flywheel machine has momentary capacity for the dif- 
ference between that rating and the peaks. Compared to an 
induction motor-generator the overall efficiency would be 81 per- 
cent for the rotary and the flywheel machine, as against 81.5 per 
cent for the induction motor flywheel set. The power factor 
would be unity as against about 94 per cent. The cost would be 
about as one to 1.03 in favor of the converter. The relative 
weight of the converter and flywheel set to the motor-generator 
set with a flywheel would be one to 1.13. A ы battery 
could hardly be considered in this case. 

From the foregoing it appears that for short peak loads, es- 
pecially where the ratio of the peak to the average load is large, 
the tvpe of installation described 1s advantageous on account of 
low first cost, high efficiency, ease of regulation, ease of protec- 
tion against abnormal conditions, comparatively light weight 
and small floor space necessary. 
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А direct-current to direct-current motor-generator flywheel 
set would have the advantage of simpler regulation, but would 
cost more, be less efficient, and heavier and bulkier. 

A flywheel motor-generator set having an alternating-current 
motor wound for use without transformers and a direct- 
current generator compares very favorably with the motor fly- 
wheel set with the use of a converter and transformers. 

A storage batterv would have no point of advantage but would 
be higher in cost, lower in efficiencv, more complicated in regula- 
tion, higher in maintenance, heavier and bulkier. In cases 
where the maximum peaks were of long duration, it would, 
however, have advantages to more than offset these. It appears 
also that where the demand charge is based on peaks of more 
than 15 seconds, there would be nothing gained with a load of the 
type described, by the installation of any load equalizing device, 
unless the line losses were so bad as to make the improvement of 
service warrant the expenditure. 
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MULTIPLEX TELEPHONY AND TELEGRAPHY BY 
MEANS OF ELECTRIC WAVES GUIDED BY WIRES 


BY GEORGE D. SQUIER 


I. INTRODUCTION 

Electrical transmission of intelligence, so vital to the progress 
of civilization, has taken a development at present into telephony 
and telegraphy over metallic wires; and telegraphy, and, to а 
limited extent, telephony, through the medium of the ether 
by means of electric waves. 

During the past twelve years the achicvements of wireless 
telegraphy have been truly marvelous. From an engineering - 
viewpoint, the wonder of it all is, that with the transmitting 
energy being radiated out over the surface of the carth in all 
directions, enough of this energy is dclivered at a single point on 
the circumference of a circle, of which the transmitting antenna 
is approximately the center, to operate successfully suitable re- 
ceiving devices by which the electromagnetic waves are trans- 
lated into intelligence. 

The “ plant efficiency ” for electrical energy in the best types 
of wireless stations yet produced is so low that there can be no 
Comparison between it and the least efficient transmission of 
energy by conducting wires. 

The limits of audibility, being a physiological function, are 
Well known to vary considerably, but thev may be taken to be 
In the neighborhood of 16 complete cycles per second as the lower 
limit and 15,000 to 20,000 cycles per second as the upper limit. 
If, therefore, there is impressed upon a wire circuit for trans- 
Mitting intelligence harmonic electromotive forces of fre- 
quencies between 0 and 16 cycles per second, or, again, above 
15,000 to 20,000 cycles per second it would seem certain that 
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whatever effects such electric wave frequencies produced upon 
metallic lines, the present apparatus employed in operating 
them could not translate this effect into audible signals. 

There are, therefore, two possible solutions to the problem of 
multiplex telephony and telegraphy upon this principle by elec- 
tric waves, based upon the unalterable characteristic of the 
human ear, viz., by employing (1), electric waves of infra- 
sound frequencies, and (2) those of ultra-sound frequencies. 
One great difficulty in designing generators of infra-sound fre- 
quencies is in securing a pure sine wave, as otherwise any 
harmonic of the fundamental would appear within the range of 
audition. Furthermore, the range of frequencies is restricted, 
and the physical dimensions of the tuning elements for such low 
frequencies would have a tendency to become unwieldy. 

The electromagnetic spectrum at present extends from about 
four to eight periods per second, such as are employed upon ocean 
cables, to the shortest waves of ultra-violet light. In this whole 
range of frequencies there are two distinct intervals which 
have not as yet been used, viz., frequencies from about 3X 1012 
of the extreme infra-red to 5X10", which are the shortest 
electric waves yet produced by electrical apparatus, and from 
about 80,000 to 100,000 cycles per second to about 15,000 to 
20,000 cycles per second. Тһе upper limit of this latter in- 
terval represents about the lowest frequencies yet employed 
for long distance wireless telegraphy. 

- Within the past few years generators have been developed in 
the United States giving an output of two kilowatt and more at 
periods of 100,000 cycles per second, and also capable of being 
operated satisfactorily at as low a frequency as 20,000 cycles per 
seconda Furthermore, these machines give a practically pure 
sine wave. - | 

The necessary condition for telephony bv electric waves 
guided by wires is an uninterrupted source of sustained oscilla- 
tions, and some form of receiving device which is quantitative 
in its action. In the experiments described in multiplex tele- 
phony and telegraphy it has been necessary and sufficient to 
combine the present'engineering practice of wire telephony and 
telegraphy with the engineering practice of wireless telephony 
and telegraphy. 

The frequencies involved in telephony over wires do not ex- 
ceed 1800 to 2000, and for such frequencies the telephonic cur- 
rents are fairly well distributed throughout the cross section 
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of the conductor. As the frequency is increased the so-called 
“skin effect " becomes noticeable, and the energy 15 more апа 
more transmitted in the ether surrounding the conductor. 

It has been found possible to superimpose, upon the ordinary 
telephonic wire circuits now commercially used, electric waves 
of ultra-sound frequencies without producing any harmful effects 
upon the operation of the existing telephonic service. For- 
tunately, therefore, the experiments described below are con- 
structive and additive, rather than destructive and supplantive. 

Electric waves of ultra-sound frequencies are guided by means 
of wires of an existing commercial installation and are made the 
vehicle for the transmission of additional telephonic and tele- 
graphic messages. 


APPARATUS AND EQUIPMENT 


Under a special appropriation granted to the Signal Corps by 
Congress in the Army Appropriation Act of 1909, a small re- 
search laboratory has been established at the Bureau of Stand- 
ards, in the suburbs of the city of Washington. This labora- 
tory is equipped with the latest froms of apparatus now em- 
ployed in the wireless telephone and telegraph art, and also 
with the standard types of telephone and telegraph apparatus 
now used upon wire circuits. The small construction laboratory 
of the U.S. Signal Corps 1s located at 1710 Pennsylvania Avenue 
and is also equipped with the usual types and forms of ap- 
paratus used in transmitting intelligence by electrical means. 
Each of these laboratories 16 supplied with a wireless telephone 
and telegraph installation with suitable antenne. In addition, 
these two laboratories are connected by a standard telephone 
cable line about seven miles in length, which was employed 
in the experiments described below. 


THE 100,000-CycLE GENERATOR 


The high-frequency alternator, which is shown complete with 
driving motor and power panel in the accompanying illustrations, 
is a special form of the inductor type designed for a frequency 
of 100,000 cycles with an output of two kw., making it adapted 
for use in wireless telephony or telegraphy. | 

Driving Motor. The motor is a shunt-wound 10-h.p. machine 
with a normal speed of 1,250 rev. per min. It is connected by a 
chain drive to an intermediate shaft which runs at a speed of 
2000 rev. per min. The intermediate shaft drives the flexible 
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shaft of the alternator through а De Laval turbine gearing, 
having a ratio of ten to one. The flexible shaft and inductor 
thus revolve at a speed of 20,000 rev. per min. = 

Field Coils. The field coils, mounted on the stationary iron 
frame of the alternator, surround the periphery of the inductor. 
The magnetic flux produced by these coils passes through the 
laminated armature and armature coils, the air-gap, and the 
inductor. This flux is periodically decreased by the non-mag- 
netic sections of phosphor-bronze embedded radially іп the іп- 
ductor at its periphery. 

Armature Coils. The armatures or stators are ring-shaped and 
are made of laminated iron. Six hundred slots are cut ой the 
radial face of cach; a quadruple silk-covered copper wire, 
0.016 in. (0.4 mm.) in diameter, is wound in a continuous wave 
up and down the successive slots. The peripheries of the 
armature frames are threaded to screw into the iron frame of the 
alternator. By means of a graduated scale on the alternator 
frame the armatures can be readily adjusted for any desired air- 
gap. 

Inductor. The inductor or rotor has 300 teeth on each side of 
its periphery, spaced 0.125 іп. (0.491 mm.) between centers. 
The spaces between the teeth are filled with U shaped phosphor 
bronze wires, securely anchored, so as to withstand the centri- 
fugal force of 80 lb. (36.2 kg.) exerted by each. Since each 
tooth of the inductor gives a complete cycle, 100,000 cycles per 
second are developed at 20,000 revolutions per minute. The 
diameter of the disk being one foot (0.3 m.), the peripheral 
Speed is 1,047 ft. (219 m.) per sec., or 700 miles per hour, at which 
rate it would roll from the United States to Europe іп four hours. 
By careful design and selection of material, a factor of safety of 
6.7 is obtained in the disk, although the centrifugal force at its 
Periphery 15 68,000 times the weight of the metal there. 

Bearings. The generator has two sets of bearings, as shown in 
the illustrations, the outer set being the main bearings which 
Support the weight of the revolving parts. These bearings are 
Self-aligning and are fitted with special sleeves, which are 
ground to coincide with longitudinal corrugations of the shaft, 
thus taking up the end thrust. A pump maintains a continuous 
Stream of oil through these bearings, thus allowing the machine 
to be ruri continuously at full speed without troublesome heating. 

The middle bearings normally do not touch the shaft, but 
take up excessive end thrust and prevent excessive radial vibra- 
tion of the flexible shaft. 
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An auxiliary bearing or guide is placed midway between the 
gear box and the end bearing. Its function is to limit the vibra- 
tion of that portion of the shaft. 

Critical Periods. In starting the machine, severe vibration 
occurs at two distinct critical speeds, one at about 1,700 and the 
other at about 9,000 revolutions per minute. The middle bear- 
ings prevent this vibration from becoming dangerous. 

Voltage. With the normal air-gap between the armatures 
and revolving disk of 0.015 in. (0.059 mm.), the potential de- 
veloped is 150 volts with the armatures connected in series. 
It is possible, however, to decrease the air gap to 0.004 in. 
(0.016 mm.) for short runs, which gives a corresponding increase 
in voltage up to nearly 300 volts. It is considered inadvisable, 
however, to run with this small air gap for any considerable length 
of time. 

Тһе machine 15 intended to be used with a condenser, the 
capacity reactance of which balances the armature inductance 
reactance which is 5.4 ohms at 100,000 cvcles. This would re- 
quire a capacity of about 0.3 microfarad for resonance at this 
frequency, but in the experiments conducted at 100,000 cycles 
it was found necessary to decrease this amount on account 
of the fixed auxiliarv inductance of the leads. 


CONSTANTS OF THE TELEPHONE LINE 

The telephone line used in these experiments extends from the 
Signal Corps laboratory at 1710 Pennsylvania Avenue to the 
Signal Corps research laboratory at the Bureau of Standards. 

This line is made up of the regular standard commercial equip- 
ment and consists of paper-insulated, twisted pairs in lead cov- 
ered cable, placed in conduit in the usual manner employed for 
city installation. For the sake of convenience one of the pair 15 
designated as No. I wire and the other as No. 2 wire. 

The air-line distance between the two laboratories is a little 
over three miles (4.8 km.), but the telephone line, by passing 
through three exchanges, covers about seven miles (11.26 km.). 
The course of the linc, with the size and type of conductor, is as 
follows: 


Laboratory to Main Exchange, underground cable, No. 22 В. & S. 

Main Exchange to West Exchange, underground cable, No. 19 
B. & S. | 

West Exchange to Cleveland Exchange, underground cable, No. 19 
В. « 5. 
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Cleveland Exchange to Bureau of Standards, underground cable, 
No. 19 B. & S. oe 

Underground cable except from Bureau of Standards to Wisconsin 
Avenue and Pierce Mill Road, about 3,400 ft, which 1s aerial 
cable. | | 


This line is equipped with protective heat coils of а standard 
type, one in each wire of the metallic circuit, at the Cleveland 
Exchange and the Main Exchange, but none at the West Ex- 
change. The constants of each of these coils are as follows: 


Direct current resistance of 65 deg. fahr........3.8 ohms 

Size of элге..................................Мо. 30 В. & S. 
Length Of Ге а uo storiche due нела 40 cm. 
Number of turns in each coil, about...........38 

Measured inductance at 70,000 cycles..........4,400 cm. 


ог 4.4 Х 10-8 henry 


The above constants were measured from a sample of опе of 
these coils selected at random. 


Resistance of metallic circuit.................. =776 ohms 
Capacity measured (one minute electrification) 

between No. І and No. 2 wires........... = 0.69 microfarad 

Insulation resistance: 

Between No. 1 wire and earth................. 20.9 megohms 

s Мо. 2 wire and earth................. “1.3 “ 

ы Мо. 1 апа No. 2 wires in parallel and 

БАТ Ne Aired оте abe he ets =0.8 i 
“ No. 1 and No. 2 wires............... =2.1 5 


The line included the usual house-wiring at each station, which 
was undisturbed іп taking the measurements. 


II. DuPLEX-DiPLEX TELEPHONY OVER WIRE CIRCUITS 


Such has been the development of telephone engineering that 
at present any proposal which requires for its success the sup- 
Planting of the present low frequency battery system would be 
most radical. It would surely be admitted that any plan which 
Permits the present engineering telephone system to remain 
intact and superimpose thereon additional telephone circuits 
would possess cardinal advantages. Accordingly, the first 
Preliminary experiments were directed to the inquiry as to 
whether or not it is possible to superimpose upon the minute 
telephonic currents now employed in telephony over wires, 
electric waves of ultra-sound frequencies without causing pro- 
hibitive interference with the battery telephone currents. Mani- 
festly, this fundamental point can best be determined by ex- 
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periments, at the generator itself, with the most sensitive 
part of the telephone equipment, viz., the telephone receiver. 
Accordingly, experiments were first conducted with various ' 
forms and types of telephone receivers in connection with local 
circuits at the generator. Such is the sensibility of the tele- 
phone receiver that it was thought possible that, although 
currents of frequencies entirely above audition were applied to 
the receiver from a dynamo as a source, there might be some 
frequency or frequencies from the operation of the apparatus 
which would be within the range of audition. Such was found, 
in fact, to be the case at certain critical frequencies of the ma- 
chine, but they were of no practical importance, as will be shown 
later. 

With a collection of telephone receivers ranging from about 50 
to over 8000 ohms and of a variety of design, a scries of tests was 
made under severe conditions to determine the above point. It 
was found, in general, that alternating currents of frequencies 
ranging from 30,000 to 100,000 complete cycles per second, 
when coupled directly, inductively, or electrostatically to local 
circuits from the generator produced absolutely no perceptible 
physiological effects in the receivers, excepting only that at 
certain of the lower frequencies a distinct audible note could be 
faintlv heard in one of the receivers of about 250 ohms re- 
sistance. | 

A search for the cause of this note showed that it is due toa 
slight variation of the amplitude of the high-frequency current of 
the gencrator, since no evidence of it could be detected on the 
battery telephone side of the circuit. It appears to be caused 
by a very slight vibration of the rotor as a whole in the magnetic 
field of the generator. It was almost entirely removed by the 
simple device of opening out the stators, which increases the 
clearance and materially cuts down the flux of the machine. 
In practice it is a distinct advantage, however, to have a trace of 
this note still left on the high-frequency side of the circuit, other- 
wise there is no readv means of determining at the receiving end 
of the cable line whether or not the high-frequency current is 
present on the line, whereas this note, which has to be searched 
for in tuning and which was entirely tuned out when speech was 
best, gave а very convenient method of testing for the presence 
of high-frequency current. 

Having determined the general nature of this disturbance and 
its comparative unimportance, no further investigation of 1t was 
considered necessary at that time. 
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The next fundamental point to determine was whether or not 
at these frequencies a telephone can receive enough energy to 
make it operative for producing sound waves in air. 

Since the self-induction of а standard telephone receiver is 
high, energy at these frequencies is effectively barred from it. 
In the wireless telegraph art, where the frequencies involved are 
from one hundred thousand to several million per second, this 
problem has been uniformly solved by the introduction of some 
form of detector for electromagnetic waves, whose function is to 
transform the energy of the high-frequency oscillations into 
other forms suitable to a type of instrument such as a telephone 
_ receiver. 

The next step, therefore, consisted in introducing various 
forms of detectors, such as are now used in wireless telegraphy, 
between the telephone receiver itself and the energizing circuit. 
Since the frequencies being here considered are entirely above 
audition it was necessary, in order to produce a physiological 
effect, to introduce another element in this transformation, 
viz., some method of modifying the continuous train of sus- 
tained oscillations from the generator into groups or trains, 
the period of which falls within the limits of audition. "This was 
accomplished by employing the regular forms of automatic in- 
terrupters, such as are now used in wireless telegraphy, with the 
expected result that with these two additional and essential 
pieces of apparatus operatively connected between the telephone 
receiver and the generator, the energy of the generator was 
delivered to the ear in a form well suited for physiological effects. 
Since it is well known that the human ear is most sensitive at a 
period of about 500 cycles per second, or 1000 alternations, 
interrupters giving this frequency were employed. 

The presence of the detectors in this chain of transformations 
is necessitated by the use of the telephone receiver as a trans- 
lating device. 

Although some of the detectors for electric waves are very 
Sensitive to electrical energy they are here employed not be- 
cause they are more sensitive to electrical energy than is the 
telephone receiver itself, which is not the case, but because the 
telephone receiver is not adapted, for the reasons stated above, 
to translate electrical energy of these frequencies into movements 
of its diaphragm. 

The elements of the apparatus thus far include a generator of 
Sustained high-frequency oscillations, an interrupter to modify 
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the amplitude of these oscillations into groups of a period within 
the range of audition, some form of detector to rectify these 
oscillations, and a telephone receiver. Manifestly here are all 
of the elements that are necessary for telegraphy, using the tele- 
phone receiver to interpret the signals. 

If in the above mentioned chain of apparatus the interrupter 
is replaced by some form of telephone transmitter, such as the 
microphone, this is all that is necessary for the transmission of 
specch. 

Experiments were made over local circuits with apparatus 
arranged in this order over a range of frequencies from 20,000 
to 100,000, with the result that speech was transmitted very 
satisfactorily. Upon removing the detector from the above 
arrangement all perceptible effect in the telephone receiver 
ceased ; in fact no arrangement of connections of a telephone re- 
ceiver to such a high frequency circuit which did not include some 
form of detector was found to be operative for telephony, unless 
certain low resistance telephones were used in which case the 
speech was so much weaker as to be of an entirely different order of 
magnitude, 

The presence of a detector in this chain of operations is not 
absolutely necessary in the case of telegraphy, since if the inter- 
rupter automatically produces a definite number of wave-trains 
per second, each train consisting of at least several complete 
oscillations, an effect may be produced upon a telephone receiver 
directly without a detector. Тһе physiological effect, however, 
is quite different, the clear fundamoental note corresponding to 
the frequency of the interrupter being no longer audible, but, 
instead, a peculiar dull hissing sound. If, however, a telephone 
receiver was used, which, instead of having a permanent magnet 
as a core, had one of soft iron, no effect without the detector was 
produccd with the energy used. 

As stated above in the case of telephony, the energy required 
for telegraphy without a detector is of a different order of 
magnitude. 

Having determined the necessary and sufficient conditions for 
the accomplishment of telegraphy and telephony by means of 
electric waves guided by wires upon local circuits, the next step 
was to applv these means and conditions to an actual com- 
mercial telephone cable line, the constants of which have been 
given above. 

The machine was run at a frequency of 100,000 cycles per 
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second with the circuit arrangements as shown in Fig. 1, where 
one wire of the telephone cable was connected to one terminal 
of the secondary of an air-core transformer, the other terminal 
being connected to earth. 

At the receiving end of the line, which was the Signal Corps 
construction laboratory, at 1710 Pennsylvania Avenue, Wash- 
ington, D. C., this wire was connected directly to earth through 
a “ perikon ” crystal detector, such as is well known in wireless 
telegraphy, and а high resistance telephone receiver of about 
8,000 ohms was shunted around the crystal. In this pre- 
liminary experiment no attempt was made at tuning, either at 
the transmitting end or at the receiving end of the line. 

In the primary circuit of the generator, arrangements were 
made by which either an interrupter and telegraph key or a tele- 
phone transmitter could be inserted by throwing a switch. 


BUREAU LABORATORY 
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In the line circuit a hot wire milliammeter was inserted in a 
convenient position so that the effect of the operation of either 
the telegraph key or of the human voice upon the transmitter 
could be observed by watching the fluctuations of the needle 
of the milliammeter. 

A loose coupling was employed between the two circuits at 
the transmitting end, and the line circuit adjusted by varving 
the coupling until the current in the line was twenty to thirty 
milliamperes. With this arrangement (1) telegraphic signals 
were sent and easily received, and (2) speech was transmitted 
and received successfully over this single wire with ground 
return. 

The ammeter showed marked fluctuations from the human 
voice and enabled the operator at the transmitting station to be 
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certain that modified electric waves were being transmitted 
over the line. 

The actual ohmic resistance of the line apparently played an 
unimportant part for telegraphy at 100,000 cycles, since with one 
of the wires of the pair and a ground return, the effect of doubling 
the conductivity of the wire by joining both wires in parallel 
although this arrangement increased the capacity of the wires, 
could not be detected with certainty by an operator listening 
to the signals and unaware of which arrangement was being used. 

Inserting in the line wire а non-inductive carbon rod re- 
sistance of 750 ohms, which is practically the resistance of the 
line itself, could not be detected Бу any change їп the intensity 
of the received signals. 

Тһе next experiment was to determine what effect, if any, such 


Гіс. 2 


sustained electrical oscillations would have upon the minute 
telephonic currents employed іп battery telephony. 


DurrtLkx TELEPHONY, USING ONE GROUNDED CIRCUIT 


To determine the fact that electric waves of ultra-sound fre- 
quency produce no perceptible effect when superimposed on the 
same circuit over which telephonic conversation is being trans- 
mitted, the next step was to use such a train of sustained os- 
cillations as the vehicle for transmitting additional speech over 
the same circuit. For this purpose the twisted-pair telephone 
line was equipped with a complete standard local battery 
telephone set, as installed for commercial practice, and in 
addition one of the wires of the pair was equipped as‘in Fig. 1, 
the circuit being shown diagrammatically in Fig. 2. This par- 
ticular arrangement was employed in this experiment for the 
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reason that it was desired to have the battery telephone operate 
on its usual circuit with the introduction of ground connections 
at the ends of the line for the super-position of the high-frequency 
circuit. When such ground connections were introduced di- 
rectly without tuning elements therein the metallic circuit 
experienced the usual disturbances found under city conditions. 
but the metallic circuit could be reduced to silence again by 
introducing in the ground connections the necessary tuning 
elements of magnitudes suited to wireless telegraphy. 

Next, the twisted-pair telephone line was equipped with a 
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complete standard local battery telephone set, as installed for 
commercial practice, with the exception that the local battery 
circuit of the transmitter telephone set was opened and a few 
turns of coarse wire inserted in series with the two dry cells 
which are normally used, as shown in Fig. 3. Inductively 
connected with this coil was the armature circuit of the gen- 
erator. А hot wire milliammcter was placed in the line circuit 
to indicate the magnitude of the high frequency current. which 
was flowing on the line. With this arrangement tests were made 
to determine whether or not there were any effects upon the 
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transmission of speech, due to superimposing high-frequency 
currents ароп the battery telephone sets. With an opcrator at 
each end of the line, using the equipment in the regular com- 
mercial way, the direct current voltage and the alternating 
current voltage in series with it in the primary circuit of the trans- 
mitter were varied individually and relatively in a variety of 
ways, with the striking result that just at the point where the 
direct current voltage was decreased, so that no sounds were re- 
ceived, the line became absolutely silent, although the alter- 
nating voltage in the circuit was at its largest value, or, again, 
speech would reappear at the recciving station at the moment 
when sufficient direct current voltage was introduced to produce 
it, and the simultancous presence of both the maximum direct 
voltage and maximum high-frequency voltage in a circuit 
produced exactly the same result as the maximum direct current 
voltage did alone. When, however, the high-frequency current 
in the local circuit was forced to a point which caused “ burn- 
ing " in the transmitter itself, then, and then only did the high- 
frequency current in any way interfere with the transmission. 

By transferring this coil from the local circuit of the telephone 
sct directly into the line itself, so that the higher frequency os- 
cillations would be superimposed upon the line beyond the iron 
cored induction coil of the telephone transmitter, it was not 
possible to detect the presence or absence of high-frequency 
currents. 

As a test under severest conditions the effect was noted upon 
speech received at the same station at which the high frequency 
current is being impressed, for here are the attenuated telephonic 
currents at the receiving end of the telephone line, on which is 
superimposed a high-frequency current of vastly greater mag- 
nitude at the same point. No effects of any kind could be 
detected under these conditions. From the above experiments 
it appears that in апу attempt at multiplex telephony by means 
of electric waves of ultra-sound frequencies superimposed upon 
the minute telephonic currents employed in battery transmission 
there is nothing to fear from disturbances of such currents upon 
the operation of the ordinary battery equipment. 


SILENT EARTH CIRCUITS 


The electromagnetic constants of the apparatus employed in 
telegraphy and telephony over wire circuits are of the order of 
magnitude of microfarads and henrys, and since no attempt is 


-- 
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made at tuning, these are constructed at present with no provi- 
sion for continuously varying the units. 

In wireless telegraphy and telephony these electromagnetic 
constants are of the order of magnitude one thousand times 
smaller, or are expressed in thousandths of microfarads and of 
henrys; furthermore, these forms of apparatus are provided with 
convenient means of continuously varying their values for tuning. 

In the operation of providing tuning elements for earth 
connections there is at the same time afforded а certain means of 
eliminating any harmful disturbances from the earth, for the 
condensers employed for tuning to frequencies above audition 
possess an impedance to the frequencies involved in speech and 
also any other disturbances from the earth, which effectively 
prevents the passage of any disturbance of audible frequency. 
These condensers offer a comparatively free passage to the elec- 


trical oscillations of the frequencies here being considered. When 
such earth connections are selectively tuned with the line to fre- 
quencies entirely above audition it is evident that no audible 
frequencies, either in the earth itself or from the line, can pass. 
Simple experiments proved the efficiency of this arrangement, 
and when the metallic telephone circuit, equipped with a stand- 
ard local battery set, was connected to earth in the manner 
described, the operation of the battery set was perfectly quiet 
and equally good with and without such earth connections. 
The point was now reached where the road was clear for duplex 
telephony, and for this purpose the apparatus and methods 
employed in wireless telephony were applied to one of the wires 
of the metallic circuit as though it were an antenna. The actual 
arrangement of this circuit is shown in Fig. 4, in which G 1s the 
source of sustained high frequency oscillations; C’ is the tuning 
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condenser of the oscillatory circuit; L’ is the tuning inductance 
of the oscillatory circuit; P is the primary of the oscillation trans- 
former; A is the ammeter; M is the transmitter microphone; S is 
the secondary of the oscillation transformer in the line circuit; 
C is the tuning condenser in the line circuit; L 15 the tuning induc- 
tance in the line circuit; A’ is the ammeter in the line. At the 
receiving end of the line С, is the line tuning condenser; L, is the 
line tuning inductance; P, is the primary of the oscillation trans- 
former; Sı is the secondary of the oscillation transformer; 
L,’ is the tuning inductance іп the oscillatory circuit; e,” is the 
tuning condenser in the oscillatory circuit, between which and 
the telephone F' the detector D is operatively connected; E is 
the earth connection. 

Тре local battery telephone sets are connected across the two 
line wires in the usual manner. Іп both sets 1 1$ the microphone 
transmitter; 2 is the local battery; 3 is the induction coil; 4 is the 
ringing system, including the bell and hand generator; 5 16 the 
switch hook; 6 is the telephone recciver. 

It was found that cross-talk was heard in the audion circuit 
from the battery transmitter at the transmitting end when the 
audion circuit alone was connected directly to earth from the 
line without any tuning coil or condenser. If, however, the 
tuning condenser was inserted, this cross-talk entirely dis- 
appeared, even though the tuning coil was not inserted. This is 
because the impedance of the small tuning condenser 1s large for 
telephonic frequencies, while the tuning coil impedance admits 
these telephonic frequencies. Both elements of tuning are re- 
quired for selective absorption of energy, so that the high-fre- 
quency circuit is available as an additional telephonic circuit. 
With this arrangement talking in the transmitter of the high 
frequency side of the system was heard only іп the audion and 
there was no cross-talk from the ordinary local battery circuit. 
Similarly, there was no effect of the high-frequency transmission 
on the local battery transmission, and the two telephonic mes- 
sages were completely separated. Both circuits were entirely 
free from carth disturbances. 

The volume of speech is greatly increased at the recciving 
end of the cable by the simple device of inserting the transmitter 
in the dynamo circuit and opcrating this circuit at or near reson- 
ance. In addition, the coupling at both transmitting and re- 
ceiving stations should be so designed as to permit adjustment 
for optimum. 
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The frequency used in this experiment was about 100,000 
cycles per second. The talk on the regular battery circuit was 
of the usual high standard both ways, so that the only reason at 
this point why complete duplex-diplex telephony was not ob- 
tained was the fact that there чуав no high-frequency dynamo 
available at the laboratory. There is, however, available а” 
this laboratory one of the latest forms‘of the high-frequency arc, 
and accordingly this was arranged with suitable electromagnetic 
constants to give a period of about 71,000 cycles per second, as 
measured by a standard wave meter such as is now commonly 
used in wireless telephony and tclegraphy. This source of high- 
frequency electromotive force was induced upon the high fre- 
quency line wire in a similar manner to that described in the 
station at the Bureau of Standards, with the result that one of 
the wires of the twisted-pair was made to carry simultaneously 
the battery telephonic currents from the two transmitters, the 
high frequency oscillations of about 100,000 cycles per second, 
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applied at the Bureau of Standards, and the high-frequency 
oscillations of about 71,000 cycles per second, applied at the 
laboratory. Мо influence from these conditions was perceptible 
upon the excellence of the battery transmission and reception of 
speech either way. 


DuPLEx TELEPHONY, USING METALLIC CIRCUIT 
(A) BRIDGING ARRANGEMENT 


The next experiments pertained to the standard metallic 
Circuit as universally used on telephone toll lines in congested 
districts. The electric constants of this line have already been 
given. | 

The next step was to remove entirely the earth connections 
from the metallic circuit and superimpose both telephonic cir- 
cuits upon the same pair of wires, as shown in Fig. 6, in which 
the high-frequency apparatus, shown diagrammatically in 
Fig. 5, is bridged across the line wires A and A’. G is the source 
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of sustained high frequency oscillations; Сі is the tuning con- 
denser of the oscillatory circuit; L, is the tuning coil of the os- 
cillatory circuit; P is the primary of the oscillation transformer; 
A is the ammeter; M is the transmitter microphone; S is the 
secondary of the oscillation transformer in the line circuit; Cis the 
tuning condenser in the line circuit; 1, is the tuning inductance 
in the line circuit; A, is the ammeter іп the line. At the re- 
ceiving end of the line, C’ is the line tuning condenser; L’ is the 
line tuning inductance; P’ is the primary of the oscillation trans- 
former; 5’ is the secondary of the oscillation transformer; 
І is the tuning inductance in the oscillatory circuit; С” is the 
tuning condenser in the oscillatory circuit, between which and 
the telephone F the detector D is operatively connected. 

The local battery telephone sets are connected across the line 
wires in the usual manner. In both sets, 1 is the microphone 
transmitter; 2 is the local battery; 3 is the induction coil; 4 is the 


ringing system, including the bell and hand generator; 5 is the 
switch hook; 6 is the telephone receiver. 

Since the high frequency apparatus as commercially developed 
. in the wireless telegraph art was used, each of the units was 
variable and had been previously carefully calibrated by refer- 
ence to the standards of the Bureau of Standards. The coupling 
coils were of the design adapted for wireless telephony, the 
coefficient of coupling being adjustable between wide limits. 
It was therefore a matter of hours to run through a large number 
of experiments in which various combinations were tried. 

The transmitters first tried were those of the microphone type 
inserted in the armature circuit of the dynamo and provided 
with water cooling when currents of several amperes were to be 
used. 

It was soon found, however, that the efficiency of transmission 
of this cable line was so good for electric waves of these fre- 
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quencies that a very small current, in the neighborhood of two 
milliamperes, sent into the line was amply sufficient for good 
speech at the recciving end about seven miles distant. No at- 
tempt was made to determine to what lower limit the transmis- 
sion current could reach in this respect, but such small currents 
enabled the ordinary telephone transmitter to be used without 
any provision for cooling, especially when it was inserted in the. 
line circuit, instead of in the oscillatory circuit of the dynamo. 

The telephone receivers were those regularly furnished for 
wireless telephony, ranging in resistance from 2,000 to 8,000 ohms. 

Resonance. As was expected, the phenomena of resonance 
under the conditions which here obtained were very pronounced 
and highly consistent, since there is here a definite circuit free 
from the disturbances and variations inherent іп radio telegraphy 
and telephony. In wireless telegraphy and telephony it is well 
known that within a few minutes transmission will drop off 
many fold from causes not entirely understood, and from di- 
urnal variations and electrostatic disturbances, effective trans- 
mission is often prevented. 

In general, the different circuits were tuned to resonance in 
the same manner, for the same purpose and with the same effect 
as in wireless telephony and telegraphy. 

The line circuit itself was readily tuned to resonance for the 
particular frequency of the dynamo by noting the maximum 
reading of the hot wire ammeter A, іп the line itself. This maxi- 
mum is readily found by varying either the capacity C, or the 
inductance L, or both. 

At the recciving end of the line, сой L' and the condenser 
С’, аз well as the coil L” and the condenser C", were tuned to 
give a maximum intensity of signals in the receiving telephone 
of the audion. 

The audion, a detector of the so-called vacuum type, consists 
of an exhausted bulb containing (a) a tungsten filament main- 
tained at incandescence by a current from a local battery of six 
volts and (b) two platinum electrodes insulated from the fila- 
ment and from each other. To these electrodes, one of which 15 
a platinum plate and the other a platinum grid, there are applied 
through the high resistance receivers about 35 to 45 volts from 
alocal battery. Тһе brilliancy of the filament is controlled by 
a small series rheostat, and the voltage applied to the insulated 
terminals by a local potentiometer. 

The gases in the bulb, becoming ionized by contact with the 
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glowing electrode, serve as a conductor of electricity, having a 
high unilateral conductivity. If the platinum wire grid 15 close 
to the hot filament and the plate at some greater distance, the 
direction of greater conductivity is from the plate through the 
gas by the ionic path to the grid, so that if the positive terminal 
of the telephone battery is applied at the plate terminal and the 
negative at the grid terminal, a sufficient current to operate the 
telephone will flow. 

If the terminals of the condenser of a resonant receiving 
circuit are connected to the grid and one terminal of the filament 
the high frequency e.m.f. impressed from this resonant circuit 
will cause a greatcr current to flow through the gas in one direc- 
tion than in-the other, as in the case of the direct-current po- 
tential applied through the telephone receiver. This rectifying 
effect will be reproduced in the telephone receivers, causing them 
to make audible the reccived signals. 

By changing the coefficient of coupling or the potential across 
the audion, which 15 adjustable, or the amount of ionization of 
the gases in the tube by adjusting the current through the 
filament, or any combination of these, it was found that the 
receiving operator could bring out the speech to suit his раг- 
ticular fancy. 

As stated above, lie dynamo spaced regularly at ranges 
from 100,000 cycles per second down to 20,000 cycles per second. 
It was therefore possible to try the effect of a comparatively 
wide range of frequencies in these experiments, covering three 
octaves, the inductances and capacities being chosen to corres- 
pond to each particular frequency. It was found that more 
energy was delivered over this particular type and length of 
circuit by using the lower frequencies of this range than the 
higher ones, although efficient results were easily obtained at 
any point. 

The battery telephone side of the equipment was left abso- 
lutely intact, as it would be commercially used, and severe tests 
were made, employing four operators, to determine the efficiency 
of two simultaneous conversations over this same pair of wires. 

The ringing circuit was operative both ways with no apparent 
effect on the high frequency telephone transmission. This 
ringing circuit develops a comparatively large alternating current 
flowing in the wire at about 30 cycles per second and at a yoltage 
of many times that of either the high frequency or the battery 
side of the circuit. 
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. Articulation tests, including music, numerals and other diffi- 
cult combinations, gave satisfactory results, with no inter- 
ference whatever between the two sides of the circuit. 

By holding one telephone receiver to one ear and the other 
receiver to the other ear the receiving operator could hear two 
entirely different conversations simultaneously over the same 
pair of wires. | 

(в) SERIES ARRANGEMENT 


A circuit was next made up with high frequency apparatus 
inserted directly in the line in series, instead of in the bridging 
arrangement shown in Fig. 5. The circuit used is shown dia- 
grammatically in Fig. 7, in which L and L' are the secondary 
coils of the transmitter and receiver, respectively. С and С” 
represent variable condensers of the order of magnitude used in 
wireless telegraphy and serve as low impedance paths for the 
high-frequency oscillations, and at the same time prevent the 
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short circuiting of the low-frequency battery telephone current. 
It was found that this arrangement gave apparently as good 
results as the bridging arrangement of the circuit. 


ІП. DUPLEX-DIPLEX TELEGRAPHY 


Having described in detail the experiments for obtaining the 
simultaneous transmission of two telephonic messages over a 
single circuit, it will be apparent that the problem of transmitting 
two telegraphic messages over the same circuit may be solved 
Һу methods and apparatus as far as the high frequency side of 
the circuit is concerned, which are practically identical with 
those described above. 

In this connection the metallic circuit referred to was equipped 
with a standard Morse set for manual operation, and upon this 
circuit was superimposed an equipment for transmitting in one 
direction telegraphic messages by means of sustained high fre- 
quency oscillations, employing the telephone as the means for 
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receiving the signals. The circuit used 1s shown diagrammati¢ally 
іп Fig. 8, in which, in the Morse set, there are shown between the 
line wire and the ground G, the line relay S, the key K, and the 
line battery В; and the local battery b and the sounder s; and 
in which, in the high frequency set, are similarly shown between 
the line wire and the ground G the tuning elements C and L; 
and at the transmitting end the oscillation transformer Т, the 
primary of which is in circuit with the dynamo as a source of 
sustained oscillations, the telegraph key K’, the interrupter 1 
and the tuning elements C’ and L’, and at the receiving end the 
oscillation transformer R in the secondary circuit of which are 
included the usual tuning elements and operatively connected to 
them the detector and its telephone as a means of receiving the 
signals. 


me ee nr eee - - a 
-~ -- = м-р 


1 


AU]. 
L 
| Ds b 
K Ж к 
=> | 
6 


к 
б 
I IG. 8 


As noted in the case of the preliminary local circuit tests, it 
was found that over this particular line it was not necessary 
to use a detector for electromagnetic waves, since enough energy 
was delivered to operate the telephone receiver directly without 
any tuning by connecting it between the line and the earth. 

The sound produced, however, was characteristically different 
in the two cases. With the detector the individual signals and 
the characteristic tone corresponding to the interrupter at the 
transmitting end of the line, whereas without the detector 
this tone was entirely absent, and a general dull sound, due to the 
resultant action of the wave-trains was heard. If, however, a 
telephone receiver was employed with a soft iron core, instead 
of a permanent magnet, no result was obtained with the limited 
power used on this line. 

Although little mention of telegraphy by high-frequency elec- 
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tric waves has been made thus far, as a matter of fact it was found 
convenient during the experiments upon telephony actually to 
employ telegraphy as a quick and ready means of determining 
resonance between the circuits in each particular case. 

When any particular arrangement was being employed the first 
steps were invariably to send simple Morse signals over the cir- 
cuit until the operator at the distant end of the line reported 
maximum loudness in the receiving telephone, which indicated 
that the terminal apparatus with the line circuit was properly 
tuned. This being accomplished it was only necessary to throw 
a switch, which substituted for the automatic interrupter and 
telegraph key, the telephone transmitter. The experiments 
could then proceed on telephony without any material change 
being made at the receiving station. Telephony and telegraphy 
thus proceeded hand in hand as a mere matter of convenience, 
and one of the practical advantages in the use of electric waves 
for transmitting intelligence is that the whole set-up of apparatus 
is practically the same for each and they can be used inter- 
changeably over the same circuit. 

Considering the Morse equipment, indicated in Fig. 8, the 
electromagnetic units involved are of the order of magnitude of 
microfarads and henrys, and the period of the direct interrupted 
current for Morse sending is not more than the equivalent of 
about 10 complete cycles per second, whereas in the high fre- 
quency side of the circuit the electromagnetic units are of the 
order of magnitude of thousandths of a microfarad and of 
thousandths of a henry and with frequencies not less than 
2000 times greater than those involved in manual Morse sending. 
Furthermore, the ohmic resistance of the line which plays a 
prominent part in limiting the distance and speed of Morse 
working, is comparatively unimportant in the case of electric 
waves guided by wires. The operation of the line equipped 
as in Fig. 8 was perfectly satisfactory, there being no рег- 
ceptible interference between the two messages in either direc- 
tion. 

Since the standard telegraph circuit of the world uses a ground 
return circuit, this same equipment was arranged to operate 
on one of the wires of the twisted-pair in the telephone cable as 
such a circuit with earth connections at each end, and its opera- 
tion was equally successful. 

Since it is a well known characteristic of high frequency ap- 
paratus used in tuned circuits that there shall be no iron involved 
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in the circuit, it is evident that in cases where.such a high- 
frequency circuit 1$ to be superimposed upon a line comprising 
way-stations, where line relays are inserted directly in the circuit, 
it will be necessary and sufficient to shunt such way-stations by 
condensers of the order of magnitude of thousandths of a micro- 
farad. Such condensers offer a comparatively free path for the 
high-frequency electric waves, but interpose a practical barrier 
to the Morse frequencies. 

The same general statement can be made relative to any of 
the standard forms of low-frequency telegraphy over wires as 
now practiced, such as the polar duplex, the differential duplex, 
and the duplex-diplex ‘employing alternating currents of low 
frequency and standard keys, relays and sounders. 

Inserting a regular 150-ohm telegraph relay in series in the 
line cuts down the high frequency current to a small percentage of 
its original value, which indicates the marked influence of the 
presence of iron in such a circuit. Furthermore, it was noted 
that at 100,000 cvcles the hysteresis of the iron core at this 
period was so great that it became heated very perceptibly in a 
few moments. 

Since a portion of the telegraph lines now used is still composed 
of iron wires, it would be expected that electric waves would be 
propagated over such wires less efficiently than over copper 
wires, since it is well known that electric waves penetrate only 
about one-thirteenth as deeply into soft iron for a given frequency 
as into copper, although this 1s modified by the fact that the iron 
in telegraph wires 1s not soft iron and in addition is galvanized. 


IV. MEASUREMENTS OF ELECTRIC WAVES OF FREQUENCIES FROM 
20,000 то 100,000 CYCLES PER SECOND ОМ A STANDARD 
TELEPHONE CABLE LINE 


In order to understand more fully the conditions for the suc- 
cessful transmission of electric waves along commercial telephone 
cable conductors, a preliminary study of this particular line has 
been made and the enginecring data obtained is submitted. 

In approaching thc subject of these measurements, although 
the circuit involved 1$ а wire circuit throughout, the method of 
treatment of the tests carried out has been that of wireless engi- 
neering, rather than the usual tests made upon wire circuits. 
The range of frequencies used overlaps at its upper limit those 
which already have been employed in long distance wireless 
telegraphy, and at the lower limit approaches those used in 
telephone tests near the upper limit of audibility. 
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The measurements have been confined to the simple case of 
the metallic circuit, and other circuits involving ground con- 
nections have not been investigated. 


RESONANCE CURVES 


In order to determine in a general way the properties of this 
particular line independent of the receiving terminal apparatus, 
the first inquiry was directed to the construction of typical 
resonance curves in the cases, first, with the line open at the 
receiving end, and, second, with the line short-circuited at the 
receiving end, after which the modifications introduced by the 
presence of certain terminal apparatus were briefly investigated. 

In order to indicate the general characteristics of these reson- 
ance curves as the frequency of the electric waves is varied, four 
particular frequencies were selected at approximately equal 
intervals from 95,000 complete cycles per second to 36,500 
complete cycles per second, and at each of these frequencies 
two curves were obtained, one with the line open and the other 
with the line short-circuited at the receiving end. | 

The generator was operated either from a dynamo source or 
from a storage battery, and under proper conditions it ran so 
regularly and the whole phenomena of resonance were so regular 
and orderly, that after a little practice the observations for each 
particular resonance curve could be taken as rapidly as the 
results could be recorded. 

Continuing the readings for a complete curve back and forth 
from beginning to end several times indicated that under proper 
conditions the readings agree so well that there was no necessity 
for averaging observations for any particular point, and a single 
set of observations for a curve was as accurate as desired. It 
will be noted that in the observations given below the ammeter 
readings are equally spaced. This was convenient, since the 
variable tuning condenser could be easily adjusted to bring the 
ammeter ncedle to a division line on which it could be read more 
accurately than its position estimated in the uncalibrated space 
between. This removed any necessity for estimating divisions 
of the scale on the ammeter and contributed to accuracy. 

The speed of the generator was determined by two methods: 
first, by observations with a tachometer upon a subsidiary shaft 
with a known ratio of rotation to that of the armature, and, 
second, by readings from a wave meter accurately calibrated 
by reference to the standards of inductance and capacity of the 
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Bureau of Standards. The agreement between .these was 
within the limits of error of observation. 


COEFFICIENT OF COUPLING 


Since it was the desire to study the properties of the line 
itself independent of any reactions from the local oscillatory 
circuit of the dynamo, loose coupling was invariably employed 
between these two circuits. 

In taking the observations the coefficient of coupling as de- 
defined by the expression 


__М_ 

М LiLs 
was made small by using a considerable separation between the 
primary and the secondary coils of the oscillation transformer, 


and there is no indication in the curves taken of reactive effects 
of the one circuit upon the other. 
L 
STIFFNESS FUNCTION, C 
Since resonance may be obtained in an oscillatory circuit by 
an infinite number of combinations of L and C fulfilling the 
condition 


or more generally for series circuits containing series coils and 
condensers 
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it is possible to select any suitable value of either of these 
quantities and tune by varying the other. In making these ob- 
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servations the tuning inductance was kept constant and the 
capacity element varied. 


The stiffness function was not kept constant for the dif- 


C 


ferent frequencies at which the resonance curves were taken, 
but its value for each set. of observations is given. 

A convenient range of variable inductances and capacities, 
calibrated in absolute values, was available, and the designs of 
these were such as are common in wireless telegraph practice 
and known as variomcters and variable air condensers. 

Hot wire ammeters were placed in both the primary and the 
secondary circuits, the one in the primary being used merely to 
indicate the constancy of the speed of the dynamo, for which 
purpose this circuit was adjusted to the steepest part of its 
resonance curve, at which point the ammeter reading is very 
sensitive to change in speed. 

The typical circuit for obtaining this series of resonance 
curves is shown diagrammatically in Fig. 9. "The value of the 
primary current was controlled by the tuning inductance L’; 
the capacity C' being constant. 


RESONANCE CURVES AT п=98,800, А = 3200 METERS 
(A) CASE 1. LINE OPEN AT RECEIVING END 


In Table I are given the observations for the resonance curves 
shown in Fig. 10. 

The inductance L was constant and equal to 0.400 millihenry, 
and the first column gives the values of the condenser C for the 
corresponding values of the line current in milliamperes, shown 
in the last column of the table. 

The construction of the curve is derived as follows: 

For a simple serics circuit at resonance 


A-—-2m-v9 VLC (1) 


in which À is the wave length, in cm., v is the velocity of light 
=3X 10! cm. per second, n= frequency in complete cycles per 
second; L is the sum of the inductances in the circuit in cm. and 
C is the total capacity іп absolute electromagnetic units. 

At resonance, the value of л, and consequently the value of А 
is known, and is obtained from the frequency of the dynamo. 
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The value of the tuning condenser for the above conditions of 
resonance is known, and from this must first be determined 
its capacity reactance at this frequency. From the table it is 
seen that for resonance the capacity was equal to 0.00436 micro- 
farad and the capacity reactance of this condenser at a frequency 
of 93,800 1s equal to 


1 
С = 389 ohms 


ог admittance = 2.57 х 10-3 mho. 


From the table it is seen that the tuning inductance is equal 
to 0.400 millihenry, and its inductance reactance at this frequency 
is equal to 


Lw=236 ohms | 
ог admittance = 4.24 X 10-3 mho. 


It appears, therefore, that of the tuning elements, the reac- 
tance of the condenser is greater by 153 ohms than that of the 
coil, from which it may be concluded that the line reactance at 
this frequency is of the nature of an inductance instead of a 
capacity, since at resonance the geometric sum of the reactances, 
of the circuit is zero. | | 

Here then is the necessary data to evaluate this equivalent in- 
ductance of the line at this frequency. 

In equation (1). all the quantities are known except that 
part of L represented by the linc, since the total inductance of 
the circuit is equal to the arithmetical sum of its parts, provided 
there 1s no mutual induction between any of these parts, which 
condition obtained in this casc. 

From equation (1): 


—=2 Tv V(LTL)C (2) 
іп which L’ is the quantity to be determined. From which 


2 -4тіСІ. 1 
L = ^ 4TC mrC TUM (9) 
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Substituting the known values in (3) 


L’ =260,000 cm. 
= 0.260 millihenry. 


TABLE I 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Frequency of generator constant at 93,800 complete cycles per second 


—- 


1 ‘ i 


| Capacity in , Inductance in Equivalent | Еге- Line 
microfarads millihenrys in inductance Wave quency current 
in series with series with | of the line іп length | of the in 
inductance at ' capacity at ` millihenrys | in line milli- 
transmitting епа transmitting end computed | meters | circuit | amperes 
| | | 
0.00183 0.400 — 2070 145,000 | 5 
0.00210 “ МЕЗЕ | 2220 | 135.000 | 60 
0.00230 “ — 2320 129,000 70 
‚ 0.00248 | “ — , 2410 | 124,000 80 
0.00260 | . — 2470 . 121,000 90 
, 0.00260 , 5 - | 2500 | 120,000 100 
0.00280 | a === ‚ 2570 | 117,000 110 
0.00288 | “ == | 2600 | 115,000 120 
‚ . 0.00301 “ = 2660 113.000 130 
, 0.00312 a | == | 2710 , 111,000 140 
‚ 0.00321 à | —— | 2750 | 109,000 | 150 
0.00329 “ | — 2780 108,000 ` 160 
0.00339 : | —— 2820 | 106.000 170 
0.00351 “ = 2870 | 105,000 180 
0.00363 “ ate 2926 | 103,000 190 
0.00373 “ | = 2960 | 101,000 200 
0.00391 = | —— 3030 ‹ 99.000 | 210 
0.00436 “ — | 3200 | 93,800 | 215 
_ 9.0064 | à -—- . 3300 , 90,900 ; 200 
, 0.0081 . ME 3470 | 86,500 | 190 
! . 0.00543 “ | 20 ‚ 3570 84.000 180 
| 0.00571 | a — | 3660 | 82.000 | 170 
0.00629 « — | 3850 77,900 160 
0.00668 “ — | 3960 75,800 | 150 
| 0.00713 s — ' 4100 | 73,200 ' 140 
. . 0.00768 : | — | 4250 | 70.600 | 130 
| 0.06863 | “ —€— | 4500 | 66,700 120 
| 0.00914 s eu ^ 4630 64,800 110 
| A 0.01083 | . — 5050 59.400. 100 
0.01335 | “ — 


For tuning elements at resonance: 
L 
С =0.917 Х10 for practical units. 


= 0.917 X10" for absolute electromagnetic units. 


It was desirable to measure the value of the effective voltage 
being impressed upon the line itself at the transmitting end, but 
NO electrostatic voltmeter is available which will read directly 
Small values for alternating electromotive forces. 
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The lowest reading of the electrostatic voltmeter available 
was 40, and this instrument when placed directly across the line 
gave no perceptible reading. It 15 possible, however, to estimate 
closely the voltage used, for since the ohmic resistance of the 
secondary coil in the line circuit was only a fraction of an ohm, 
the impedance of the coil at this frequency can be taken as prac- 
tically 180° from that of the condenser without sensible error. 
The voltage drop across the coil at resonance is equal to 


L w I =236 X0.215 = 50.7 volts. 


The voltage drop across the condenser is equal to 


2 —380x0.2152823.6 volts. 
Cw 


Therefore, the voltage being impressed upon the line at resonance 
is approximately 


83.6 —50.7 = 33 volts approximately. 


To determine other points of the resonance curve, there are 
these relations between the solution at resonance and any other 
solution at dissonance. 


М =—-=2 Tv VLC 


А, = : =2 mv \ Li С, 


nı 


М1 _VL С 

n VLC 
ni-m L E | 

dE EAC, 


Since L= L, throughout a set of observations 


where k=n \’C=constant and C, is the observed value given 
іп column one of Table 1. 
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Having determined in this manner the value of the fre- 
quencies for each of the points ОЁ dissonance given in the table, 
the corresponding wave-lengths in meters in the fourth column 
were derived. 

The graphs of these curves are shown in Fig. 10. 

It is observed that the line current-frequency curve is not sym- 
metrical, but is steeper on the side of the higher frequencies. 

The line current-wave length curve is steeper on the side of 
the shorter wave-length. 


WAVE LENGTH, METERS = 
0 мә эл». 309 uw 5000 60% WAVE LENGTH, METERS 2 X 


DYNAMO FPGQUENCY CONSTANT 
AT 93. 800 CYCLES PER SECOND 


Iri 
LINE CURRENT = MILLIAMPERES 


LINE CURRENT, —MILLIAMr ERES 


40000 60000  S0000 100000 120000 140000 100000 FREQUENCY, CYCLES PER SEC, 27% 
FREQUENCY, CYCLES PER SEC. = 7 . 
Fic. 10.—Resonance curves at Fic. 11.—Resonance curves at 
transmitting end, telephone transmitting. end, telephone 
cable line, receiving end open cable line, receiving end 


short-circuited. Dynamo fre- 
quency constant at 95,200 
cycles per second 


(B) CASE 2. LINE SHORT-CIRCUITED AT RECEIVING END 


With the dynamo frequency constant at 95,200 a similar set 
of observations was taken for the case of the receiving end of the 
line short-circuited, and these observations are exhibited in 
Table II. 

The graphs for the line current-frequency and line current- 
wave length are shown in Fig. 11. 


RESONANCE CURVES АТ 7—73,000 À—4110 METERS 
(A) CASE 1. ІЛМЕ OPEN AT RECEIVING END 


In Table III are given the observations for the two curves 
Shown in Fig. 12. 


ич чан "лы ай. 
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WAVE LENGTH, METERS = 
В apei Это 480) Бл) био 700 8000 9000 


5 


LI. 
a 
= 


LINE CURRENT, MILLIAMPERES 


5 


W 


0 20000 40000 60000 80000 100000 120000 140000 
FREQUENCY, CYCLES PER ЗЕС. = 1 


Fic. 12.—Resonance curves at 
transmitting end, telephone 
cable line, receiving end open. 
Dynamo frequency constant 
at 73,000 cycles per second 
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WAVE LENGTH, METERS = )\ 
200 — 3000 u0 wu OO 7000 800 Guu 


LINE CURRENT, MILLIAMPERES 


= 


E. 
ы ш, 
UE 


30000  4CO00 50000 90000 70000 90000 90000 100000 
FREQUENCY, CYCLES PER SEC. Z1 


Fic. 14.—Resonance curves at 
transmitting end, telephone 
cable line, receiving end 
open. Dynamo frequency 
constant at 53,000 cycles 
per second. 
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0 fou 40000 GOLUL вю 100000. 120000 140000 
FREQUENCY, CYCLES PER SEC. = 71 


Fic. 13.—Resonance curves at 
transmitting end, telephone 
cable line, receiving end 
closed. Dynamo frequency 
constant at 73,000 cycles 
per second 


WAVE LENGTH, METERS = № 
000 3000 4000 bud 0000 1000 8000 9000 


LINE CURRENT, MILLIAMPERES 
8 


% 
30.000 40.000 50.000 60.000 70.000 40.000 90,000 100.000 
FREQUENCY, CYCLES PER БЕС, =N 


Fic. 15.— Resonance curves at 
transmitting end, telephone 
cable line, receiving end 
short-circuited. Dynamo 
frequency constant at 53,000 
cycles per second. 


1911] SQUIER: 


ІВ) CASE А. LINE 


In Table IV are give 
curves shown in Fiv. 


OBSERVATIONS FOR RES( 
TELEPHONE CABLE LI’ 
Frequency of generator 


т---. 
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(B) CASE A. LINE SHORT-CIRCUITED AT RECEIVING END 


In Table IV are given the observations for the two resonance 
curves shown in Fig. 13. 


TABLE II 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED 
Frequency of generator constant at 95,200 complete cycles per second 


| | 
| Capacity іп | Inductance іп | Equivalent | Fre- Line 
' microfarads | millihenrys in inductance i Wave quency current 
in series with series with of the line in length of the in 
inductance at capacity at millihenrys in line milli- 
transmitting end | transmitting end computed | meters circuit amperes 
0.00171 0.400 —— = | 2060 146,000 50 
0.00195 ы ---- 2200 136,000 60 
| 0.00217 s — | 2320 | 129,000 70 
i 0.00238 a —— 2430 123,000 80 
| 0.00246 : A: 2470 | 121,000 90 
0.00258 ы —— 2530 119,000 100 
| 0.00267 a — 2570 | 117,000 110 
' 0.00279 . -- 2630 | 114,000 120 
| 0.00287 « —— 2670 112,000 130 
0.00297 д — 2710 111,000 140 
| 0.00310 g ---- 2770 108,000 150 
| 0.00322 A ---- 2830 106,000 160 
0.00333 ш —— 2870 105,000 170 
0.00342 ы —— 2910 103,000 180 
0.00356 ы —— 2970 101,000 190 
| 0.00400 s ---- 3150 95,200 196 
| 0.00432 ы —— 3270 91,700 190 
0.00457 = — 3370 89,000 180 
0.00485 * — 3470 86,500 170 
| 0.00510 " ---- 3560 84,300 160 
0.00534 ы ----- 3640 82,400 150 
0.00581 * —— 3800 78,900 140 
| 0.00626 s —— 3940 76,100 130 
0.00718 ы ---- 4220 71,100 120 
0.00784 е —— 4410 68,000 110 
| 0.00950 ? —— 4850 61,900 100 
| 0.01085 * ----- 5190 57,800 94 


For tuning elements at resonance: 


L 
с 71.0 X105 for practical units. 


=1.0Ж108 for absolute electromagnetic units. 


RESONANCE CURVES АТ П=53,000, -- 5660 METERS 
(A) CASE 1. ІЛМЕ OPEN АТ RECEIVING END 


In Table V are given the observations for the two curves 
Shown in Fig. 14. 
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TABLE III 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Frequency of generator constant at 73,000 complete cycles per second 


Capacity in Inductance in Equivalent Fre- Line 
microfarads millihenrys in inductance Wave quency current 
in series with serics with of the line in length of the in 
inductance at capacity at millihenrys in line © milli- 
transmitting end | transmitting end computed meters circuit amperes 


i 
ее 


0.00147 0.818 — 2210 | 136,000 ` 20 
0.00208 : — 2630 | 114,000 ! 30 
0.00235 “ — 2800 | 107,000 40 
0.00268 s == 2990 , 100.000 . 50 
0.00289 s —— 3100 | 96,800 60 , 
0.00309 a — 3210 , 93,500 70 ' 
0.00324 “ Рея 3290 | 91,200 . 80 
0.00343 s | == 3380 | 88,800 90 — 
0.00357 “ — 3450 | 87,000 ` 100 
0. 00367 а —— 3500 ' 85,700 ` 110 
0.00379 « EE 3560 84,300 | 120 
0.00387 a нек 3590 83,600 130 
0.00398 s —€— 3640 82,400 140 
0.00407 « rcs 3680 81,500 150 
0.00416 « — 3730 80,400 | 160 
0.00423 « —€— 3760 79.800 170 
0.00435 “ ae 3810 78,700 | 180 
0.00444 s === 3850 77,900 190 | 
0.00455 “ — 3890 77.100 200 | 
0. 00464 . —— 3930 76,300 210 | 
0.00478 “ —_— 3990 75,200 220 | 
er ВЕРЕН ЕЕ E | 
0.00506 * 0.121 4110 73.000 227 | 
0.00527 “ uunc. 4190 ‹ 71,600 220 
0.00547 “ —— 4270 : 70,300 210 
0.00563 a = 4330 69.300 200 ; 
0.00577 . —— 4390 68,300 | 190 
0.00594 a — 4450 67,400 ' 180 
0.00611 в — 4510 66,500 ` 170 
0.00629 “ — 4580 | 65,500 160 
0.00651 а === 4660 64.400 | 150 
0.00675 . — 4740 | 63,300 | 140 
0.00707 “ —— 4850 61,900 130 
0.00741 . —— 4970 60,400 120 | 
0.00789 “ 2—2 5130 58,500 110 ! 
0.00858 “ ы 5350 56,100 106 | 
0.C0950 . == 5630 | 53,300 90 | 
0.01105 « — 6070 49,400 80 
0.01346 “ —— 6700 44,800 70 | 
0.01905 а == 7970 37.600 60 | 


For tuning elements at resonance: 
L ; 
с 7162 X10* for practical units. 


=1.62 X1C2 for absolute electromagnetic units. 
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(B) CASE 2. LN 


In Table VI are gj 
curves shown in Fig 
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(в) CASE 2. LINE SHORT-CIRCUITED AT RECEIVING END 
In Table VI are given the observations for the two resonance 
curves shown in Fig. 15. | 


RESONANCE CURVES АТ п=38,500 А--7790 METERS 
(А) CASE 1. ІЛМЕ OPEN AT RECEIVING END 


In Table VII are given the observations for the two curves 
shown іп Fig. 16. 


WAVE LENGTH, METERS =X WAVE LENGTH, METERS =X 
4000 6000 вхо 10009 12009 14009 16000 15000 Аны 6000 зоол 10000 12000 14000 10000 12000 
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% o (09 “оо Жо жою DONO GOU 70000 
0 1000 290 3000 4000) 50000 бой 7000 FREQUENCY, CYCLES РЕЯ SEC. = 


FREQUENCY, CYCLES РЕВ SEC.— N 


Fic. 16.—Resonance curves at Fic. 17.— Resonance curves at 


transmitting end, telephone transmitting end, telephone 
cable line, receiving end cable line, receiving end 
open. Dynamo frequency closed. Dynamo frequency 
constant at 38,000 cycles constant at 38,000 cycles per 
per second. second 


(B) CASE 2. LINE SHORT-CIRCUITED AT RECEIVING END 
In Table VIII are given the observations for the two resonance 
Curves shown in Fig. 17. 


SELECTIVITY CURVES 


The series of resonance curves given above.are the usual 
types constructed in the study of wireless antenna, but in order 
to interpret them from an engineering point of view, it is more 
valuable to plot them as selectivity curves, in which the line 
Current is plotted as a function of the frequency. 
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TABLE IV 
OBSERVATIONS FOR RESONANCE CURVES АТ TRANSMITTING END ОР [n order | 
TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED cu | 
Frequency of generator constant at 73,000 complete cycles per second теп Тот 
- — —— percentage | 
microfarads —— millihenrss im nductance Wave quency current jaken as un 
in series with series with of the line in length of the in. I 
inductance at capacity at millihenry$ in line milli- übel 2... 
transmitting end transmitting end computed meters circuit amperes 1, ІП y 
КТ Я АЕ responding t 
0.00144 0.818 ---- 2230 134,000 20 
0.00197 " --- 2600 115.000 30 2 at resonance 
0.00227 ы —— 2790 105,000 40 
0.60253 | е ---- 2920 102.000 50 1 
0.00281 . TM 3110 96.500 60 T Which n 
0.00298 * —-— 3200 93,800 70 SOnance 
0.00315 е ---- 3290 91,200 80 
С. 00332 * —— 1350 88.800 90 
0.00345 a ---- 3420 87,000 100 
0 00353 ш ----- 3510 85.500 110 
0 00369 3 —— 3560 84.300 120 
0 00376 ia --- 3600 83,300 130 
0.00387 ^ ------ 3620 82.200 140 
0.00396 “ —— 3690 81.300 150 
0.00404 a --- 3730 80,400 160 5 
0.C0415 i ---- 3780 79,400 170 Lie 
0.00425 " —— 3820 78.500 180 z 
0.00430 a === 3850 77.900 190 :. 
0 06439 А ---- 3890 77,100 200 т 
0.00452 “ --- 3940 76.100 210 5 
0.00464 ы —— 4000 75,000 220 g 
m EXIT E E еы = aa E шо ы эш Өт о ER ERR + 
0.00491 s 0.150 4110 73,000 227 
0.00515 ж -- 4210 71,300 220 
0 00533 “ —— 4280 70,100 210 
0.00551 ы —— 4350 69,000 200 
0 00566 S ---- 4410 68.000 190 
0.00585 s —— 4490 66,800 180 
0. 00600 “ -- 4540 66.100 170 " 
0 00620 * —— 4620 64,900 160 
0.00640 ы —— 4690 64.00G 150 
0 00666 “ ----- 4790 62,600 140 
0 00697 ы —-—- 4900 61.200 130 
0.00731 " ——— 5020 59,800 120 
0.00775 и ---- 5160 58.100 110 
0 00848 в — 5400 55.600 100 
0 00940 “ ---- 5690 52,700 90 
0.01087 * ——— 6120 49,000 80 
0.01332 s —— 6770 44,300 70 
0.01905 * -- 8100 37,000 60 


Рог tuning elements at resonance: 
1. - . 
С =1.67 X10° for practical units. 


= 1.67 X10? for absolute electromagnetic units. 
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In order to be able to read directly the percentage drop in 
current from the value at resonance taken as unity; for any given 
percentage departure from the frequency at resonance, also 
taken as unity; it is only necessary to plot ordinates in terms 


I . ; ; 
of - pom which Z is any particular value of the current cor- 
r 5. 


responding to the frequency пу, and J, is the value of the current 

at resonance; and the abscisse are plotted in terms of = 

in which n, is the frequency of the line circuit at any point of 
dissonance, and is the frequency at resonance. 

As an example, in the case of 

IMPRESSED FREQUENCY CONSTANT AT м n = 53,000, Table IX has been 

5 BENIN computed. Тһе graph of this 

Lo curve is shown in Fig. 18. 

It appears from the inspec- 
tion of this curve that it is not 
symmetrical with respect to the 
ordinate corresponding to reson- 
ance. The slope of the curve 
is steeper for increasing fre- 
quencies than for decreasing 
frequencies. It is possible to 
read off directly from this curve 
the percentage change in the line 


RATIO OF CURRENTS 


е шю 830 100 182) 149 100 current from resonance for any 
RATIO OF FREQUENCIES = 53 : , 

given percentage change т 

Ir 5 Line current at resonance frequency from resonance. For 


I - Line current : : . 
Шана NEN instance, it 1s seen that for 


nı -Prequencv of line circuit tuned to 10 per cent decrease in the 
ыны ашы frequency of the line circuit, the 
С в. current has fallen to 79 per cent 
ing end short-circuited of its value at resonance, and 
at 30 per cent decrease in fre- 
quency of the line circuit, the current has fallen to 44 per cent 
of its value at resonance, whereas at 30 per cent increase in 
frequency of the line circuit the current has fallen to 34 per 
cent of its value at resonance, which 1$ considerably lower; in 
other words, the line current is more sensitive to changes on the 
side of increasing frequencies than on the side of decreasing fre- 
quencies in the case of impressed constant frequency of the 
dynamo of 53,000 cycles per second. 


Fic. 18. 
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The current 1s seen to be reduced to one-half its value at reson- 
ance for a 24 per cent reduction in frequency, and to the same 
amount for 20 per cent increase of frequency. 

A curve of this kind makes it possible to predict that terminal 
apparatus could be inserted in this line at the receiving end, 
provided it was in the nature of ohmic resistance, and that 


TABLE V 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Frequency of generator constant at 53,000 complete cycles per second 


Capacity in Inductance in Equivalent Fre- Line 
microfarads millihenrys in capacity Wave quency current 
in series with series with of the line in length of the in 
inductance at capacity at microfarads | іп line milli- 
transmitting end transmitting end computed meters circuit amperes 
@ 00452 1.036 —— 4040 74,300 50 
0.00494 ы --- 4220 71,100 60 
0.00542 “ --- 4420 67,900 70 
0.00570 ы --- 4530 66,200 80 
0. 00600 ы ---- 4640 64.700 90 
0 00624 ы -—- 4730 63,400 100 
0.00672 E ---- 4910 61,100 110 
| 0.00700 - -— 5000 , 60,000 120 
| 0.00723 . 509 . 5080 59.100 130 
| — 0.00747 ‘ — 5160 58,100 140 
i 0 00777 ы — - 5260 57.000 150 
| 0.00816 " --- 5390 55,700 160 
0 00902 5 0.251 5660 53,000 170 
' 0.00933 » ——— 5910 50,800 160 
' 0.01036 “ === 6050 49.600 150 
0.01086 " —— 6190 48,500 140 
0.01115 и ----- 6260 47,900 130 
0.01172 Е ---- 6420 46,700 120 
0.01232 : ----- 6570 45,700 110 
0 01325 ж ---- 6550 43,600 100 
0.01522 ^ —— 7260 41.300 90 
0.01860 Е —— 7980 37,600 80 


Бог tuning elements at resonance: 
L | . 
с =115х10 бог practical units. 


= 1.15 X102 for absolute electromagnetic units. 


there would be no interference between several of such instru- 
ments operated at different frequencies, provided the interval] 
between the frequencies of each of the different receiving sets 
was greater than 44 per cent, and that each receiving apparatus 
was not rendered inoperative by the presence of a stray current 
of 50 per cent of its normal operating value. It should be re- 


1911] 


memberec 
2: the trar 
whatever , 
the curve 


OBSERVATII 
TELEP] 
Precu 


1911] SQUIER: MULTIPLEX TELEPHONY 895 


membered that this interpretation is from conditions controllable 
at the transmitting end only, and provides for no selective tuning 
whatever of the apparatus at the receiving end. In other words 
the curve given shows the selectivity of the line itself. 


TABLE VI 

OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED 

Frequency of generator constant at 53,000 complete cycles per second 


Capacity in Inductance in ^ Equivalent | Fre- Line 
microfarads millihenrys in capacity ^ Wave quency current 
in series with series with of the line in length of the in 
inductance at ^ capacity at microfarads | in | line milli- 
transmitting end transmitting end computed meters | circuit amperes 
| | 
' 0.00469 1.036 | — | 4120 72,800 50 
0.00516 a — 4320 | 69,400 60 
0.00564 s „== | 4510 66,500 70 
0.00598 | s == ! 4640 | 64,700 80 
0.00624 | a —— | 4740 63,300 90 
0.00642 s — . 4800 | 62,500 ! 100 
0.00682 s — | 4950 60,600 110 
0.00708 s | — | 5040 59,500 120 
0.00720 | . — 5110 58,700 130 
0.00749 | . —— | 5180 57,900 140 
0.00777 | “ - ' 5270 | 56,900 150 
0.00796 i á —— | 5330 56,300 160 
0.00838 * | — | 5470 | 54,800 | 170 
0.00900 . 0.265 | 5660 . 53.000 180 
| 0.0081 ` e | 22 | 5900 50,800 170 
0.01030 | : ESO 6040 | 49700: 160 
‚ . 0.01068 | ы | —— ‚ 6150 48,800 150 
| 0.01138 | a — | 6340 47,300 140 
| 0.01202 | “ —— 6510 46,100 130 
‚ . 9.01269 қ | —— 6680 44,900 | 120 
! 0.01318 á | —— 6800 44,100 | 110 
0.01450 a : —— 7110 42,200 100 | 
0.01587 . ВЕКЕ | 7420 : 40,400 90 
0.01932 | s == 
А 


- | 8140 | 36,900 80 | 


1 


ix —— — 


For tuning elements at resonance: 
L 
a = 1.15 X10 for practical units. 


=1.15 X10? for absolute electromagnetic units. 


ELECTRICAL DIMENSIONS OF TUNING ELEMENTS 


For the range of frequencies involved in these experiments 
the values of the standard variable air condensers and variom- 
eters which аге at present employed in wireless telegraph 
practice, could better be made of larger electrical dimensions in 
order to be better adapted to the frequencies here considered. 
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TABLE VII 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Frequency of generator constant at 38,500 complete cycles per second 


H | 
Capacity in Inductance in Equivalent | Fre- , Line 
microfarads millihenrys in inductance Wave quency current | 
in series with series with of the line in | length | of the | in 
inductance at capacity at millihenrys in | line |  milli- 
transmitting end | transmitting end computed | meters | circuit amperes 
DONO зу: __ | 
| 
0.00215 0.818 —— 3540 | 84,00 | 20 
0.00298 “ Exe 4160 72,100 | 30 . 
0.00347 a — 4490 | 66,800 . 40 ` 
0.00407 Е m 4860 61,700 | 50 
0.00450 “ == 5120 | 58,600 | 60 
0.00495 “ - 5360 56,000 70 
0.00525 « a 5520 | 54,300 | 80 | 
0.00551 “ шш: 5660 ! 53,000 | 90 
p | — 1 te 
. —€—À ! " А 
0.00631 « — | 6060 | 49,500 120 | 
0.00655 : -— ‚ 6170 | 48,600 | 130 
0.00681 . — 6290 47,700 140 | 
0.00700 . Es 6380 | 47.000 150 
0.00730 : -- | 6520 | 46,000 | 160 
0.00756 a — 6630 | 45,200 | 170 
0.00780 “ € 6740 44,500 180 
0.00809 | “ E 6860 | 43,700 | 190 | 
0.00834 | “ карст 6960 | 43100 | 200 
0.00877 s —— 7140 | 42,000 | 210 | 
0.00894 “ — 7210 | 41,600 | 220 
0.00923 « — 7320 | 41,000 | 230 
0.01015 a | —— 7680 | 39,100 | 240 — 
0.01044 « | 0.818 | 7790 | 38,500 | 241.5 | 
0.01076 ш — 7910 | 37,900. 240 | 
0.01170 | . MN 8250 36.400 | 230 
0.01220 | . - | 8420 , 35.600 | 220 | 
0.01268 a —— 8590 | 34,900 | 210 
0.01332 s 4 — | 8800, 34,100 |. 200 | 
0.01397 “ == | 9020 | 33,300 . 190 _ 
0.01484 « == | 9290 32,300 | 180 
0.01554 ^ —— | 9500 31,600 170 | 
0.01687 “ == 9910 | 30,300 160 ` 
0.01844 “ "es | 10400 ` 28,800 | 150 
0.02005 “ ЕНЕГЕ 10800 | 27,800 140 
0.02247 « PENA | 11400 | 26,300 , 130 
0.02541 a — 12200 | 24,600 120 | 
0.03091 “ — = 13400 ' 22,400 110 
0.03978 в uS 15200 19,700 101.5 


For tuning elements atresonance: 
L 
с =0.784 X10 for practical units. 


= 0.784 X10? for absolute electromagnetic units, 
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TABLE VIII 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED 
Frequency of generator constant at 38,000 complete cycles per second 


Capacity in | Inductance in Equivalent Fre- Line 
|  microfarads millihenrys in inductance Wave quency current 
' in series with | series with of the line in length of the gin 
| inductance at capacity at millihenrys in | line milli- 
| transmitting end | transmitting end computed meters | circuit amperes 
| 0.00217 0.818 —— 3990 75,200 20 
| 0.00291 | 7 ---- 4620 64,900 30 
i 0.00337 ы ---- 4970 . 60,440 40 
| 0.00384 | * —— 5300 56,600 50 
! 0.00428 е ---- 5600 ' 53,600 60 
| 0.00507 | “ шз 6090 49,300 70 
; 0.00491 s —— 5990 50,100 80 
| 0.00516 | s —— 6150 48,800 90 
0.00539 | ш — 6280 47,800 100 
| 0.00559 | g ---- 6400 46,900 110 

0.00581 i: —— 6520 46,000 120 
| 0.00597 ы —— 6610 45,400 130 
0.00601 ы — 6630 45,200 140 
0.00630 | s —— 0790 44,200 150 
0.00649 т --- 6890 43,500 160 
| 0.00661 | e — 6960 43,100 170 
0.00679 | s ---- 7050 42,600 180 
0.00694 s —— 7130 42,100 . 190 
0.00714 * ---- 7230 41,500 200 
0.00733 ы —— 7320 41,000 210 
0.00758 " —— 7450 40,300 220 
| 0.00850 ы 1.26 7890 38,000 230 
0.00894 3 —— 8090 37.100 220 
| 0.00935 ш ---- 8270 36,300 210 
0.00961 | Е —— 8380 35,800 200 
0.00995 s — 8540 35,100 190 
0.01031 . ——— 8690 34,500 180 
0.01070 | e ---- 8850 33,900 170 
0.01101 s ---- 8980 33,400 160 
l 0.01175 | E ---- 9280 32,300 150 
| 0.01234 | . AE | 9500 | 31,600 140 
0.01318 * ---- 9820 30,500 130 
0.01412 | ы ——— 10200 29,400 120 
0.01537 | « — 10600 28,300 110 
| 0.01737 ш --- 11300 26,500 100 
| 0.02033 | к --- 12200 24,600 90 
0.02530 | “ —- 13600 22,000 | 80 
0.03978 “ —— 17100 17,500 70 


For tuning elements at resonance: 
L 
c 70-963 X105 for practical units. 


=(0.963 X10? for absolute electromagnetic units. 
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It is noted from the tables submitted that capacities as large 
as hundredths of a microfarad were at times used, and in order 
to secure these it was necessary to join several of the air con- 
densers of wircless telegraph pattern in parallel, adding their 
results. In like manner the inductances used were as high as 
three millihenrys in some cases. Fortunately, capacities and 


TABLE IX 

DATA FOR SELECTIVITY CURVE OF TELEPHONE CABLE LINE, RECEIVING 
| END SHORT-CIRCUITED 

Frequency of generator constant at 53,000 complete cycles per second 


| ni і 1 
?1] I | 
п | 1, 
| | | 
72,800 50 | 1.374 0.278 
69,400 60 1.310 | 0.333 | 
66,500 | 70 | 1.255 0.388 | 
64.700 | 80 1.221 0.444 
63,300 90 1.194 0.500 | 
62,500 100 1.180 | 0.556 
60.600 | 110 1.144 0.611 
59,500 120 i 1.123 0.667 
‚ 58,700 130 1.108 | 0.722 
57,900 140 | 1.092 0.778 | 
56,900 150 1.074 0.833 | 
56,300 160 1.062 0.889 | 
54,800 170 | 1.034 | 0.945 | 
53,000 180 | 1.000 | 1.000 
50,800 170 | 0.958 0.945 
49,700 160 0.938 | 0.889 
48,800 150 0.921 | 0.833 
47,300 140 ! 0.892 | 0.778 
48,100 130 ! 0.870 | 0.722 
44,900 120 0.847 0.667 
44,100 110 0.832 0.611 
42,200 100 0.796 | 0.556 
40,400 90 0.762 0.500 | 
36,900 80 0.698 | 0.444 | 
| | 


пі Frequency of line circuit tuned to give dissonance with generator frequency. 

1 Measured line current at frequency ni, in milliamperes. 

м Impressed frequency of generator, constant at 53,000 cycles per second. 

I, Maximum current in line circuit, tuned to resonance with generator frequency, 180 
milliamperes. 


inductances can be easily constructed which at the same time 
preserve the continuously variable feature necessary for tuning 
purposes, and may have also compact physical dimensions; in 
fact in suitable designs for these frequencies these tuning ele- 
ments may be cven smaller and more compact than they now 
are for wireless telegraph practice. This is for the reason that 
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in the case of electric waves impressed upon wires there are 
no high voltages such as are required in apparatus using ап 
antenna. Furthermore, by properly designing inductances in 
accordance with the fundamental formula laid down by Maxwell, 
it is evident that variometers suitable for this range of frequen- 
cies impressed upon wire circuits may be made extremely small, 
and compact. 

It should be noted that throughout these experiments not a 
single piece of new apparatus was designed or constructed, but 
the conventional apparatus as now employed in wireless tele- 
graph engincering was adopted as a whole, although, as stated 
above, this apparatus could be very materially improved in the 
line of compactness of design for this range of frequencies. 

Since no cases of high voltage were required at the transmitting 
end of the line, the same form of apparatus was used inter- 
changeably for transmitting and receiving, whereas in wircless 
practice the transmitting antenna coils and condensers are very 
large in comparison with those used for recciving. 


Fic. 19 


TRANSMITTING IMPEDANCE AT RESONANCE BY THE AMMETER- 
VOLTMETER METHOD 


To determine the general character of the effective impedance 

of this line as the frequency is changed, measurements were 

made of the transmitting current and voltage as the frequency 

is varied from about 23,000 to 90,000 cycles per second. The 

circuit is shown in Fig. 19 and the data obtained are given in 

s Table X which is shown graphically in Fig. 20. In taking these 
measurements, loose coupling was used and the tuning elements 

adjusted to resonance in each case. Тһе voltmetcr used was of 

the hot wire type of comparatively high resistance, and the 

ammeter was of the hot wire type of low resistance. At reson- 


ance І => ог 2 -2 where E and J are the measurements 


given above, from which Z in columns 4 and 7 Table X have been 
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derived. The curves Fig. 20 indicate a minimum effective im- 
pedance of about 87 dhms at a frequency of about 59,000, the 
curves being nearly symmetrical on either side of this frequency. 

Attempts were made to make similar measurements for the 
line connected directly to the generator instead of inductively 
connected as above and working to constant voltage at different 
frequencies. Іп such cases the reaction between the resonant 
circuit of the line and the directly connected circuit of the gen- 
erator armature, was so marked and so sensitive to variation of 
frequency at resonance that 1t was found extremely difficult to 
make consistent measurements under these conditions. Тһе 
marked superiority of loose inductive coupling between the line 
circuit and the generator enabled a study to be made of the 


TABLE X 
DATA FOR TRANSMITTING END IMPEDANCE AT RESONANCE OF TELE- 
PHONE CABLE LINE, RECEIVING END OPEN AND SHORT CIRCUITED, 
AT DIFFERENT FREQUENCIES 


1 

Cycles Line open Line short-circuited | 

7 з= | 

second | | | 

_ Volts Amperes | Ohms Volts Amperes Ohms | 

| i | 

23,000 22.2 0.108 “06 22.6 0.106 213. —— 

35,000 16.1 0.112 144 16.2 0.116 140 | 
47,000 16.0 0.154 104 16.0 0.153 ' 105 

63.000 15.8 0.178 89 15.8 0.180 88 | 

75,000 16 3 0.148 110 16.2 0.148 ' 109 | 

90,000 23.8 0.138 172 23.5 0.138 170 | 

| 


line circuit per se without involving any reactive influence from 
the generator source. 

It 15 noteworthy that with this cable line it was not possible 
to detect with certainty the reactive influence of opening or 
closing the distant end of the line upon the transmitting volt- 


meter and ammeter readings, and, as noted above, the resonant 


curves at the transmitting end arc practically the same for the 
distant end open or closed. 

Тһе presence іп this line of two pairs of inductive heat coils 
at fixed points undoubtedly is sufficient to cause at least partial 
reflections of the waves being propagated along the line. These 
heat coils, as stated above, each had a measured inductance 
of 4400 cms. at 70,000 cycles. 
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RESONANCE CURVE AT RECEIVING END 
In the series of resonance curves, which has already been given, 
the observations were taken at the transmitting end of the cable 
line and no attempt at tuning was made at the receiving end of 
the line, it being the object to study first the line per se without 
terminal apparatus. The effects, however, of introducing tuning 
elements across the line at the receiving end are strikingly shown 
in Fig. 21, the data for which is given in Table XI. In taking 
these observations a frequency of 40,000 was selected as fairly 
representative. | 
At the transmitting end of the line the current and frequency 
were kept constant throughout, and at the receiving end of the 
$ line only the capacity element 
of the tuning apparatus was 
varied, which caused a rise апа 
fall of the received current, as 
shown in Fig. 21. 


LINE OPEN 


IMPEDANCE, OHMS 


RECEIVED CURRENT—MILLIAMPERES 


IMPEDANCE, OHMS 


ооа .006 .010 .014 .018 


Жол ии «ОЮ 80x) 0090 10060 BONY RAN oci МУ A шы 
FREQUENCY, CYCLES PER SECOND 


Fic. 21.— Resonance curve at 


Fic. 20.—Impedance-frequency receiving end of telephone 
curve at resonance, trans- cable line. Transmitting 
mitting end of telephone current constant at 200 milli- 
cable line amperes and at 40,000 cycles 


The inductance element of the tuning apparatus at the re- 
ceiving end was kept constant throughout the experiment, so 
that the variables which are plotted in this curve are the actual 
observations taken and therefore represent exact conditions 
with no supposition as to derived results. It is noted that the 
magnitude of received current in this case can be easily multiplied 
nearly three times by simply adjusting the variable condenser 
at the receiving end, in a receiver arrangement sclected at 
random. 
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ATTENUATION CURVE 


To determine quantitatively the influence of variation of fre- 
quency upon the attenuation of the current transmitted over 
this telephone line, the data given in Table XII was obtained, 
the curve for which is shown in Fig. 22. 

In this experiment the transmitting current was kept constant 
at 240 milliamperes, the only thing varied being the frequency 
of the alternator. 

At the receiving end the telephone line was short-circuited 
through a Duddell thermo-ammeter, which is practically non- 
inductive with a resistance of 171 ohms. The frequency was 
varied between 30,000 and 90,000 cycles per second, and ob- 
servations were taken at intervals 
of 10,000 cycles per second. The 
curve shows very strikingly the at- 
tenuation of the transmitted cur- 
rent as the frequency is increased. 
The values of the received current 
at 80,000 and 90,000, being about 
as small as could be read on the 
Goo www кос өзе тос қол poo particular ammeter used, are not 

Шы as accurate аз the other readings, 
Fic. 22- fttenuation-freqaeneY and this is indicated by the dotted 


phone cable line, short-cir- part of the curve. 
cuited though. Duddell ther- 


2 


19 
= 


RECEIVED CURRENT — MILLIAMPERES 
2 


mo-ammeter of 171 ohms, SUMMARY 
transmitting current constant . 
at 240 milliamperes Radio-telegraphy has no compet- 


itor as a means of transmitting 
intelligence between ships at sea and between ships and shore 
stations, and on land it is also unique in its usefulness in 
reaching isolated districts and otherwise inaccessible points. 
To what extent it may be also developed to furnish practical 
intercommunication according to the high standard now 
enjoved in thickly populated districts, it is not attempted 
to predict. i 
The foregoing experiments indicate that either the existing 
wire system, or additional wires for the purpose may be utilized 
for the efficient transmission of telephonic and telegraphic 
messages, and the former without interfering with the existing 
telephone traffic on these wires. 
The fact that each of the circuits created by the use of super- 
imposed high-frequency methods is both a telephone and a 
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telegraph circuit interchangeably, makes it possible to offer to 
the public a new type of service, which it is believed, will offer 
many advantages to the commercial world. This type of circuit 


TABLE XI 
RESONANCE CURVE AT RECEIVING END OF TELEPHONE CABLE LINE. 
TRANSMITTING CURRENT CONSTANT AT 200 MILLIAMPERES AND 40,000 


CYCLES 
| КЕНЕ _ Азы! йы, Ты с сазы Ж, шй Мы ткыш АЕМ лае е» ы зе, ы км ш? 
| Receiving capacity in microfarads Received current 
in series with constant in 

| inductance milliamperes 

| 

| 

| 0.00292 1 
0.00354 1.5 
0.00422 2 
0.00442 2.2 
0.00470 2.4 
0.00508 2.6 

| 0.00579 2.8 
0.00606 2.83 

| 0.00622 2.8 
0.00748 2.6 
0.00870 2.4 
0.00972 2.2 
0.01097 2.0 
0.01337 1.7 

TABLE XII 


DATA FOR ATTENUATION-FREQUENCY CURVE AT RECEIVING END OF 
TELEPHONE CABLE LINE, SHORT-CIRCUITED THROUGH DUDDELL 
THERMO-AMMETER OF 171 OHMS, TRANSMITTING CURRENT 

CONSTANT AT 240 MILLIAMPERES 


Transmitting Received 
current in | current іп 
milliamperes milliamperes Frequency 

240 4.85 30,000 

n 3.50 40,000 

ы 2.45 50,000 

в 1.5 60,000 

“ 0.5 70,000 

s 0.3 80,000 

* 0.3 90,000 


should be particularly applicable to press association service, 
railroad service, and leased wire service of all kinds. 

The experiments described should not be interpreted as in 
any way indicating limitations to radio-telegraphy and tele- 
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phony in the future, for their present rapid development gives 
justification for great prospect for the future. It is rather con- 
sidered that the whole system of intercommunication, including 
both wire methods and wireless methods, will grow apace, and 
as each advance is made in either of these it will create new 
demands and standards for still further development. We need 
more wireless telegraphy everywhere, and not less do we need 
more wire telegraphy and telephony everywhere, and, again, 
more submarine cables. The number of submarine cables 
connecting Europe with America could be increased many 
times and all of them kept fully occupied, provided the traffic 
were properly classified to enable some of the enormous business 
which is now carried on by mail to be transferred to the quicker 
and more efficient cablegram letter. That time will surely 
come when the methods of electrical inter-communication will 
have been so developed and multiplied that the people of the 
different countrics of the world may become real neighbors. 

Accustomed to the methods of transmitting energy for power 
purposes by means of wire, it is a matter of wonder that enough 
energy can be delivered at a receiving antenna from а trans- 
mitting point thousands of miles distant to operate successfully 
receiving devices. Тһе value of a metallic wire guide for the 
energy of the electric waves is strikingly shown in the above 
experiments, and it furnishes an efficient directive wireless 
svstem which confines the ether disturbances to closely bounded 
rcgions and thus offers a ready solution to the serious problems.of 
interferences between messages which of necessity have to be 
met in wircless operations through space. 

The distortion of speech, which 1$ an inherent feature of tcle- 
phony over wires, should be much less, if not practically absent, 
when we more and more withdraw the phenomena from the metal 
of the wire and confine them to a longitudinal strip of the ether 
which forms the region between the two wires of a metallic 
circuit. 

The ohmic resistance of the wire as shown can be made to 
ріау а comparatively unimportant part in the transmission of 
speech and the more the phenomena are of the ether, instead of 
that of metallic conduction, the more perfectly will the modified 
electric waves, which are the vehicle for transmitting the speech, 
be delivered at the receiving point without distortion. 

It has been shown that the phenomena of resonance, which are 
met with in so many different branches of physics, exhibit very 
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striking and orderly results when applied to electric waves 
propagated by means of wires. By utilizing this principle it 
has been shown that the receiving current at the end of the line 
may be built up and amplified many times over what it would be 
with untuned circuits. 

The tuned electrical circuit at the receiving end readily admits 
electromagnetic waves of a certain definite frequency, and bars 
from entrance electromagnetic waves of other frequencies. 
This permits the possibility of utilizing a single circuit for multi- 
plex telephony and telegraphy. 
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CHOICE OF ROTOR DIAMETER AND PERFORMANCE 
OF POLYPHASE INDUCTION MOTORS 


BY THEODORE HOOCK 


The theoretical part of polyphase induction motor design has 
been treated thoroughly, analytically and graphically,* and there 
is very little left for further investigation. In consideration of 
the great importance of this type of motor very little has been 
said about the leading points in the practical design. 

In laying out a new line of induction motors it is desirable to 
have a rational method for determining the influence of the rotor 
diameter upon the performance rather than using the longer 
procedure of designing a number of motors under different as- 
sumptions and comparing the final results. 

The performance is so rigidly interlinked with the mechanical 
dimensions and the windings that a theoretical design can easily 
be made which will show clearly the influence of the chosen 
constants upon the motor characteristic. 

The derived formule in this paper are not intended to super- 
sede the detailed design but they should be used for the first 
layout. 

On the other hand the designer will find the results of the cal- 
culations very convenient for comparison and assistance in 
choosing the proper frame for certain guarantees to be met. 

It is undoubtedly of great use in the further development to 
analyze the design on a practical basis in order to find the 
limitations and the influence of the variables. 

It is fully demonstrated by tests that the D? /; of standard 
speed motors is not limited bv the temperature rise but by the 

*By Adams, Arnold, Steinmetz, Behrend, McAllister, Hellmund, de la 
Tour and others. 


NOTE:—This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the,meeting 
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performance and flux density. И is also a sad fact that until the 
present time these limits could be found only by test and that we 
have to confine the investigations to the power factor, overload 
capacity, copper and iron losses. 

Instead of dealing with the rotor diameter we express all 
results in terms of the pole-face proportions, t.e., the effective 
core length divided by the pole pitch. 

We will see later from (Figs. 6 to 10) that the power factor and 
the copper losses depend largely upon properly proportioning 
the pole face. There exists always one “ best” proportion 
for the power factor and another “ best” proportion for the 
minimum copper losses. Both conditions do not occur at the 


POWER FACTOR 
100% 
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same ratio of core length to pole pitch. Also the deviations from 
the minimum or maximum values obtainable vary considerably 
with the design; for instance with the slot dimensions, number of 
poles, type of winding and so on. It is, therefore, advisable to 
put all these deviations on a percentage basis, because it gives 
us a convenient method of comparison. 

These investigations can be divided under the following head- 
ings: 

1. Leakage coefficient. . 

2. Copper losses. 

3. Overload capacity. 

4. Iron losses. 
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THE LEAKAGE COEFFICIENT 


The circle diagram as drawn in Fig. 1, illustrates in the 
simplest way the relation between the current taken from the 
line and the power factor for any given load. 

Two tests, the no-load test and the locked test, are required in 
order to draw the diagram. The no-load test determines the 
no-load current and the no-load power factor while running 
light at normal voltage. The current and power factor at 
standstill will be found from the locked test. These four quan- 
tities Zo, cos Фо, Ik, сов фь determine two points of the primary 
current circle. The center of the circle lies at a distance a above 
the base line, which can be found by test, calculation or with the 
aid of a simple geometrical construction. 


0 2 4 6 8 0 B 8 16 1.8 A RX 


The tangent to the circle gives the smallest phase displace- 
ment ф„„ and the largest power factor COS @maz (COS Pmaz 
=73 per cent in Fig. 1). | 

Тһе maximum power factor is determined by the circle diam- 
eter (Ть— Гош) and the distance from the origin to the circle, 
t.e., the wattless magnetizing current Jou. Ме can also sec 
from Fig. 1 that a shifting of the center up or down from the base 
line will influence the maximum power factor somewhat (3 to 
5 per cent). See curves А, В and C in Fig. 2. 

The smallest current which will be taken from the line is the 
no load current 19. In loading the motor the current will in- 
crease to the full load current Ірі. When we load the motor 
still more we reach I (cs, max) and finally, it will pull out and 
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come to standstill. In case the normal voltage is still applied, 
the locked current J, will flow in the winding. 

In case we could decrease the ohmic resistances of the motor 
the point J, would move along the circle, i.e., the locked current 
would increase. For the extreme case having resistances cqual 
to zero the ideal locked current 7,; would be taken from the line. 
This reactive current Гь; is determined by the leakage coefficient 
and the wattless magnetizing current. It is 


lig = Гош | (1) 
0 


Where ø is the leakage coefficient or the ratio of the wattless 
component of the no-load current to the ideal locked current; 
or rewritten, 


= Год 
ut ki 2 


The main advantage of using this coefficient is the inde- 
pendence from voltage and magnetizing current. Ав soon as 
the punchings, the core length and the number of poles are 
settled the leakage coefficient 15 almost fixed (disregarding the 
iron saturation and fractional pitch windings). Furthermore 
all the characteristics of the motor are improved by decreasing 
the leakage ocefficient. 

It is not necessary to draw the circle diagram in each case 
in order to find the leakage coefficient, as it can be figured 
easily from the no-load and locked test data. 

The total reactance of a motor at short circuit 15 


И Eos HW. yed enm obi 
a- A) (ue) = моз фа = O 


and the leakage coefficient 


езге Lowi eps dosin Po Е Lowi (4) 
Р, 


The Махітит Power Factor. It has been brought out above 
that the magnetizing current Гош and the leakage coefficient 
determine the maximum power factor. Under the assumption 
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that the center of the circle lies on the base line the maximum 
power factor is 


1 1 
COS Pma: = IF? g or 0-1 a e az -1) (6) 


These equations were figured for different valucs of т and аге 
plotted in Fig. 2, curve A. 

Curves B and C in Fig. 2 are added to show the effect of the 
center displacement upon cos @maz. Both curves are taken 
from actual tests and will be found very useful for approxima- 
tions. | 
The following details may be kept іп mind: 

Use curve A plus 1 to 2 per cent for large motors. 

Use curve В for small and medium size motors and cos Фф, 
=0.3 to 0.6. | 

Use curve С for small and medium size motors and соз Фф, 
20.75. 

If the tested power factor is plotted in a curve we сап find 
readily from its maximum value the size of the leakage coefficient 
using these curves (Fig. 2). If the no-load current is known, 
we are in a position to compute also with equation (4) the 
reactance of the motor without knowing the data of the locked 
tests. 

Another quantity which is convenient for comparison of the 
overload capacity is the current at which the maximum power 
factor occurs. It is 


1 
I(cos ф тах) — low V2 (6) 


We can now investigate the relations between the leakage 
coefficient, the rotor diameter and the core length. АП practical 
considerations, as peripheral speed, temperature rise, flywheel 
effect and so on, will be eliminated in our investigations entirely. 
It is perfectly feasible to build two motors for the same purpose, 
one with a large diameter and narrow core and the other witha 
small diameter and long core. The same D? l; is assumed іп 
both cases. The rotor diameter is proportional to the pole 
pitch for a given number of poles and therefore we have all 
results in relation to the ratio, core length /; to pole pitch т. 
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The pole face of a motor is the product /; т. The square pole 
face will have then the ratio a equal to 1. 


The leakage coefficient o can be figured with great accuracy 
from the dimension of the motor.* 
It is, 


ampere turns circuit | 
о -, - ^Eg-saturation Ғасіог 20 · (7) 
ampere turns air gap 


Тһе sum of the leakage coefficients = ø consists of the follow- 
ing coefficients 


On, = Stator slot leakage coefficient. 

On, = Rotor slot leakage coefficient. | 
Os, =Stator end connection leakage coefficient. 
0,,— Rotor end connection leakage coefficient. 
0, =Zigzag leakage coefficient. 

съ, = Stator belt leakage coefficient. 

сь, = Rotor belt leakage coefficient. 


ог X G9 —04,3- 04,4 - 05, +00, фо + Ob, (8) 


We combine the corresponding leakage of the stator and rotor 
and placing 


a=6 ki Cn (An, НА), із) 
в (ул, жар) o 
l Sy f, 27 52 fo 


C=Co Cy l1 fo 


we obtain for the leakage coefficient 


с —saturation factor ( s t +) 
(10) 
| a+c b 
= saturation factor (4 DC + Вт +в) 


“бес R. E. Hellmund.  Elektrotechnische Zeitschrift, 1911, р. 1111. 
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In order to determine the minimum value of the leakage 
coefficient Zo we neglect the belt leakage as being a small 
amount and almost independent of the pole face proportion. 
We take the first derivative of 2 ø with respect to В and place 
equal to zero. 


(11) 


This equations indicates that the leakage coefficient will become 
а minimum when the total slot plus zigzag leakage 1s equal to the 
total end connection leakage. 
. The quantities a, b and c are determined by the air gap, slot 
dimensions and the number of poles. We can also from the 


quotient of are find the pole pitch for which the leakage 


coefficient У с will become a minimum, t.e., when 


T a+c 
ge, (12) 


This relation can be used directly for the layout of the diam- 
eter and core length for a certain D? l; or for a comparison of 
machines in order to determine the most advantageous frame. 
We will carry out these calculations on a large motor. We 
assume а 20? /; equal to 300,000, and split the product in dif- 
ferent values D and /;, varying from 140 to 70 in. (3.58 to 1.79 m.) 
diameter and 15.3 to 61 in. (0.38 to 1.55 m.) length of core, 


which gives a variation of the pole face proportion В = 20.417 


to 3.33 (see Table 1). 
The fifth column shows the ratio т/В (88 to 5.5). The 
values of a, b and с are 5.25, 0.556, 1.135 which are written on the 


те апа Rus and the sun 20 


T? В.т 


| ЖЕН . a 
curves in Fig. 3. The ratios -- 
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are plotted also in Fig. 3. The minimum value occurs at 
т ate 5.25+1.135 


— 
— 


8 = y 7 7 9586 = — 11.5 (upper curve in Fig. 3) giving a 
ratio p= =1.95. 


a+c b 


When we add to curve - E Tar the belt leakage, the 


total Хо will be found. These figures are worked out for 
12, 16 and 32 poles on six different diameters (see Table 1). 


iu |+ 


DI.= 300 x 107 | 
NEU ЖП ШШК зея 


80 
дК,-.1% 1,40 
=.1% 
€ — 10.1 
E t,= 10 
а= 14 
0 (4 — 0.80 
An= 29 
х6 Св Сз, 0.18 
l 
4% ts à 
fp UD 
с, ж €, = 1.43 
2 a= 5.85 
b = 0.556 
с = 1.13% 


The results are plotted in Fig. 4, a b c against the ratio of core 
length to pole pitch. We find that the minimum value for the 
different number of poles docs not occur at the same ratio //т. 


The minimum values for the 12, 16 and 32 poles lie at 2. 1.7, 


1.55, 1.3 respectively. 
We сап see from these curves that a design with a large diam- 
eter and small core length as well as with a small diameter and a 


corresponding extreme core length have a tendency to increase 
the leakage coefficient. 
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The curves of 2 т have no sharp knee and the deviation from 
the minimum values are small over a large range of /;/т. 

In order to bring all curves upon a uniform basis the per- 
centage of increase above the minimum values is plotted in 
Fig. 4, d, e and f. Тһе smallest value of Х с for 12 poles is 


—2.825 per cent at A217, curve а. At 4 20417 we find 


2 0--4.26 per cent. This means an increase of 51 per cent, 
curve d, which 15 due to the large influence of the end-connection 
leakage, its coefficient being eight times as large as that of the 
slot leakage. Тһе curve e of the 16-pole machine shows the 
same characteristic, but not quite so distinctly. Тһе end-con- 
nections in the 32-pole design are only of moderate influence while 


TABLE I 
D? l; = 300,000—12 poles 
_ Lou. ыы ин а. ро Ls 
| Кано Ratio 
li T 
D ; ; gait 
н r | 8 | 
140 | 15.3 36.7 1 0.417 | 88 | 
| 
120 20.9 31.4 0.665 | 47.1 
| 
110 24.8 28.7 0.865 | 33.2 | 
100 30 26.2 1.15 22.8 
90 37 23.5 1.58 | 14.9 
80 47 20.9 2.25 | 9.3 
70 бі 18.3 3.33 5.5 


the slot and zigzag leakage іп the long motor with a small 
pole pitch are the largest items. It is certainly of interest to 
follow these figures to the final result which may be considered 
to be the maximum power factor (cos @maz). Тһе full load power 
factor is then only determined by the overload capacity or 
the ratio of the wattless magnetizing current Гол to the full 
load current JFL. Therefore, we multiply the figured leakage 
coefficient 2 ø by the saturation factor=1.15 assuming 15 per 
cent of the air A Т for magnetizing the iron path in all three 
designs. From curve A (Fig. 1) or from equation (5) can then 
be found the maximum power factor. The results are plotted 
in Fig. 21. | 

The maximum values of the cos @maz correspond with the 
minimum values of Х с and occur at the same ratios /;/т as 


916 HOOCK: INDUCTION MOTORS [June 27 


the leakage coefficients У ø in Fig. 4, a, band с. It is surprising 
that for 12 poles (Z с = 2.825 X 1.15 = 3.25 per cent), the cos @maz 
— 93.7 per cent, is only З per cent larger than cos Pmaz=91 per 
cent for the 51 per cent larger leakage coefficient. (ce = 4.26 
Х1.15--4.9 per cent at /;/т =0.415.) 

We can figure from curve B, Fig. 1, the deviation A g per cent 
for 1 per cent change in cos Ф,а: and find curve D. This result 
shows that with a leakage coefficient of 3.25 per cent or cos @ maz 
=94 per cent, 19 per cent deviation is permissible, for which 
amount the cos @ma: will go down to 93 per cent. In our case 
with 51 per cent deviation the cos @maz=93.7 per cent is de- 


1 


” 


DEVIATION FROM MINIMUM 


40% ; x um 


1 
р №0 12 Poeg | 


n 22 
ROTOR DIAMETER D 
Fic. 5 
creased ы 100 per cent=2.7 per cent and we actually find 


91 per cent against 93.7 per cent (Fig. 21). 

The “ best " pole face of the 32-pole machine gives a cos @maz 
= 84.3 per cent (e —9.25 per cent) for which the permissible 
allowance is only 8% per cent for each per cent power factor. 


li 
It was found for the longest motor > 3.06 (6-9.3 per cent) а 
deviation of 16 per cent. Тһе power factor cos @maz Will be de- 


; ; ; 1 Р 
creased in this design uz 100 per cent=1.9 per cent or it 


will be 84.3— 1.9 = 82.4 per cent. 
This influence is greater the larger the leakage coefficient is, 
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or in other words, machines with a low power factor or with a 
large leakage coefficient will be more sensitive than those with 
small leakage and high power factor. It is, therefore important 
to choose the pole face (/;. т) of motors with large number of 
poles as close to the best values as possible since every variation 
of 5 to 7 per cent in the leakage coefficient decreases the maximum 
power factor one per cent and tucreases the full load stator current 
іп the same percentage as the power factor 1s decreased. 

The determination of the pole face by the formula (12) 15 
very simple as long as the air-gap Ó is kept constant. This 
condition will not exist however in most practical cases. It is 
general practice to vary the air-gap proportionally with the rotor 
diameter, Fig. 5, except that very long cores for high speed will 
have also a bearing upon the air-gap. We will consider here 
only the standard speed machines for which these investigations 
are made especially. Not only the air-gap brings a complication 
‘in the analytical solution of the 


] 


problem but also the member — —- 
T. ДР? 
іп quantity 6, because the length of 
the end connections are (const. X pole 
pitch plus 2 to 10 1n.) according to size, 
voltage and type of winding. This 
constant addition introduces an error 
which may lead to incorrect results. 
The smallest leakage coefficient does not occur always be- 


Fic. 6 


. | | : 
tween the ratio т--12 to 1.7, as it was obtained for D? 1], 


= 300 . 10° but its location depends upon the size of the pole 
face, the type of windings, length of the air-gap and slot pitches. 
The writer has worked out a few interesting cases which will 
give an idea of the range of variation. 

In Figs. 6 to 10 the leakage coefficients У ø fora D? 1;=2000 
are drawn for various number of poles. The diamond coils of 
the stator are placed into open slots and slightly chorded. 
The rotor has partially closed slots and a special squirrel-cage 
winding with a slot pitch of only 0.34 in. (8.6 mm.). The 
D? l; is split up again as shown before in table 1. Тһе air gap 6 
is varied according to Fig. 5. The slot dimensions of stator and 
rotor are given in Fig. 5. Since the slot openings аге kept соп- 
stant and the air-gap varies, the gap factor kj varies inversely 


- 
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as the rotor diameter, but the effective air gap ё. Ё, increases 
with the rotor diameter. 

The leakage coefficients Z ø are figured for all diameters and - 
number of poles using formula (8) in order to show the rela- 
tive magnitude of each kind of leakage. 

The upper curves in Figs. 6 to 9 give always the sum È с per 
cent and all sums are combined in Fig. 10, a to e. 

The minimum values of 2 ø occur for the 6- 8- 10- 12- and 


14-pole designs at a ratio a =1.15, 1.40, 1.38, 1.40, 1.30 and 


1.20 respectively. 
In Fig. 11 the deviations of 2 o from the minimum are drawn, 


Fic. 7 Fic. 8 


which have the same character of those of Fig. 4, d, e, f. 

The curves are somewhat further extended than we would 
find in actual machines. It is possible, however, that certain 
conditions, 2- or 4-pole, or 14- to 20-pole designs on standard 


frames would give E = 0.45 to 0.5 or 2.5 to 3.5. 


From these curves, Fig. 11, we can judge again in combina- 
tion with the actual leakage coefficient ø —saturation factor 

Z о how much the power factor will be decreased by making 
. the pole face proportions different from those which will give the 
minimum values. | 
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It was previously mentioned that the size of the motor, the 
slot pitches and the type of windings influence the design as 
to its most economical proportions. 

Table 2 gives a layout for а D?/; = 289—6 poles. 

Тһе stator is in all thrce designs the same, chorded diamond 
coils in open slots. The rotor A represents a construction with 


TABLE II 
D? Ц =239—6 poles 
Design | A B C | 
| | 
Stator slot дітепкіоп..................... Fig. 1200 Fig. 13 Fig. 14 
“йе PR 220 2.20. 2.20 
s РИСИ оноо EE 0.526 0.526 | 0.526 
Length of end connections................ ls 21.3 т 43.5 in. 
UIE- EU D cod АРА АКА M C BE E eR 0.0190 to 0.0276 in. 
gap factor Ё,......................... 1:50 to 1.58 1.76 to 1.87 1.50 to 1.58 
Rotor slot 4ітепвіоп..................... Pig. 12 Fig. 13 Fig. 14 
з * соп5бап Адас ызалы рағы лы жз 1.0 i 2.4 2.13 
^ АЖ ы, ОЕТ Т КГК eek ws 0.642 іп. 0.156 їп. 0.241 іп. 
Length of end connectioas................ ісшт-Ғ2 in. 
Copper зесбоп........................... ixi 1х8 ix} 
Rotor diameter Core length Pole pitch Ratio 
D li т 24 
11 in. 2.38 in. 5.76 in 0.412 
10 2.89 5.23 0.55 
9 3.56 4.71 0.755 
| 8 4.52 | 4.18 1.08 
| 7 5.9 | 3.66 1.61 
6 8.05 | 3.14 2.56 
э} 9.6 | 2.88 3.33 


bolted bars and rings with a secondary slot pitch of 0.642 in. 
(16.2 mm.) for a bar 3x in. (9.5х9.5 mm.). In B a rotor is 
used with very narrow open slots with a slot pitch of 0.156 1n. 
(3.97 mm.) for a special rotor winding with 45 by § in. (1.5 by 
12.7 mm.) copper section. Design C has partially closed slots 
with a slot pitch of 0.241 in. (6.3 mm.) and a copper section 
of Бу $ in. (3.17 by 12.7 mm.). 
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We bear in mind that the mechanical air gap 6 is the same in 
all three cases A, B and С for the same ratio //т and compare 
at first the leakage coefficients 20. The minimum values of 
У с are as follows: 


| B | К 
БА, ЖИКИЛ е. 6.95“; | 5.82 5.7% 
ly | = 
| 0.75 0.80 


We see that a smaller motor calls for а considerably smaller 
ratio /;/т than the larger sizes figured. 

Designs B and C show very clearly the good influence of the 
large number of rotor slots which decreases У т 20 per cent or 
increases the maximum power factor 2 per cent. 


DEVIATION FROM MINIMUM 


Fic. 11 


Design B with the open rotor slots is almost as good as C 
with partially closed slots, as far as the maximum power factor 
15 concerned. The air-gap is rather small іп this small motor 
being 0.02 to 0.0275 in. (0.5 to 0.69 mm.) on one side so that 
the gap factor k, increases the magnetizing current and affects 
the full load power.factor. This leads to the conclusion that a 
motor with open rotor slots of this small size could not compete 
with one having partially closed slots. 

The percentage increase of the leakage coefficient 2 0 per 
cent above the minimum values is plotted in Fig. 15. The slot 
and zigzag leakage are the largest items in design A which over- 
balance the end connection leakage considerably and reach a 
very high percentage in Fig. 15. All three curves have a sharp 
turn. 


(Тапе 27 
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We see further that a motor сап be made longer (large l;/T) 
the smaller the slot and zigzag leakage can be kept in comparison 
to the end connection leakage. 


TABLE III 
D? l; -24.5--2 Poles— two-phase 
Rotor diameter Core length Pole pitch Ratio Ratio | 
EE! т 
р h т В- : 2 
4.52 1.20 7.1 C.169 42.0 
4.22 1.48. 6.62 0.224 29.6 
3.92 1.58 6.15 0.259 23.7 l 
3.625 1.87 5.68 0.333 17.05 
3.32 2.22 5.20 0.427 12.16 
3.02 2.69 4.74 0.569 8.32 
2.72 3.30 4.27 0.773 5.52 


In Table 3 and Fig. 16 the dimensions, constants and the 
complete leakage data of a very small motor are given. When 
using formula 12, with а=0.231, b = 0.0227 and c=0.348 we find 


E. d | 
Ше гайо 8 = 25.7 to give the highest maximum power factor at 


a pole face ratio B= =0.25. 


The belt leakage 1s the largest item in the group and it changes 
the ratio /;/r to 0.22. It can be seen again that the equation 
furnishes good results when the air-gap is kept constant. 

We have figured previously with the sum Хо of the single 
leakage coefficients. It may happen, however, that the maxi- 
mum power factor and the derivations for the smallest copper 
losses are influenced by the saturation of the iron path. Equa- 
tion (10) expresses the influence of the saturation factor. 


г total ampere turns iron ampere turns 
Saturation factor—-  . - = | | 
air ampere turns air ampere turns 
(13) 


It has been assumed that the ampere turns iron are constant 
for all number of poles and ratios /;/r. It would lead to con- 
siderable complications if wc tried to introduce the iron ampere 
turns in all derivations. "The density in the air-gap and the 
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ampere turns for the teeth and yoke depend largely upon the 
motor tvpe, frequency and number of poles. In case we de- 
crease or increase the air-gap with the rotor diameter and keep 
the density in all parts of the magnetic path constant, the fol- 
lowing results may be obtained: Motors with a large number of 
poles will require a small amount of ampere turns for the yoke, 
due to the short length of path т. The ampere turns for the 
teeth will be constant with all 


Е 
` с T => 1, =6.473"} An =1.13 
poles for constant density and В RE as 
slot depth. The ampere turns | te) = 1.38 я 
. . . T =н 
of the air gap will vary with 9% : о 
. . | — 
6k, which is almost propor- 2% | 


tional to the ат gap ё. In 
turn we find for a given 
number of poles an increase 
of the saturation factor, when 
decreasing the air рар. From 
these conclusions we can state 
that the minimum leakage 
coefficient and the maximum 
power factor аге always 
shifted a small amount toward 
a lower ratio /, 7, then found 
bv figuring with the sum Хо 
only. The influence of the 
iron ampere turns comes into 
consideration only in highly 
saturated machines or in those 
with усгу small air gap.* As 
long as the iron ampere turns 
аге not more than 25 рег 
cent of the air атреге turns, 
the results will not be in- 
fluenced. 


LEAKAGE COEFFICIENTS IN % 


CoPPER Lossrs 


The stator copper losses are 


т DA Ss, ky ly (1+0.004 2°) 


И”, alor = С > fi 
tat 14500 watts (14) 


where 1,27;+1.574+3.5 in. 


“Га. Hoock and В. Е. Hellmund. Elektrotechnik & Maschinenbau, 
Wien, 1910, p. 741. 


> 
to 
л 
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L . alternating current resistance , 
direct current resistance 


or for both windings together double the amount when we 
assume А 5 and the copper density s for the rotor the same as in 
the stator. Тһе ampere turns per inch A S and the density s 
may be assumed constant, so that in varving D and [; of a certain 
D? l; as carried out previously, only D and /; change in equation 
(14). 

We can write then for the total copper weight in its simplest 
form 


Copper weight = const. D № «const. D (1, +1.25 to 2.0 т) 


À simple differentiation furnishes the smallest copper weight 
for 


1,=1.57 at a ratio 15230 


1.=2.0т at a ratio —4.0 
The length of conductor is correctly 


1. 2 l;4- const. T -- const. allowance (15) 


The neglecting of the additional constant length which is 
given ру the type of the winding involves an error. In order to 
eliminate it the quantity D la has been figured for several D? l; 
and is then plotted against the ratio [,/т. The presence of 
ventilating ducts іп the core increases the constant allowance 
in equation (16) and their influence can be estimated from 
curves b in Figs. 18 to 20. 

All results are reduced to a percentage basis calling the smallest 
value zero. (See curves in Figs. 17 to 20.) We sce from all 
curves that the copper weights become a minimum at a ratio 


li | 
т =3.0 to 5.0. These valucs аге so high that they are beyond 


practical applications. 
Figs. 17 and 18 refer to a D?1;=1220-4 poles. Assuming а 


| vr Ms 
motor with a pole face ratio 795, we find from curve b, 


“А,В. Field, TRANSACTIONS А. I. E. E., 1905, page 659, 
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Fig. 18, that the copper weight will be 50 per cent higher than 
the amount required for the “lightest copper " machine. For 


the square pole face E = 1.0, only 18 per cent difference is found. 


D*!;— 1220 4 POLES 


EUN 
оч 


а=11+ 1.257 + 3.5” 


0 1 2 3 i li 
T 


DEVIATION FROM MINIMUM COPPER WEIGHT 
“- 
© 


Fic. 17. -Deviation of copper weight from the minimum 


0*1;=1280 4 POLES 


| " 
(0) Ll,-lit15T43.5" 


——— — 


| RATIO joEviaTION 


oe Fr 
| B= 
‚ 0.5 


DEVIATION FROM MINIMUM COPPER WEIGHT 


CURVE (а) FOR MEAN LENGTH OF CONDUCTOR [a=1,+1.57+0" | 
oe (b) .. a ғ ae mm. 1421, 41.57--3.5 


Fic. IS.— Deviation of the copper weight from the minimum 


i 


In case we wind the same frame (= =0.5 for 4 poles) for 10 


l; ; ; : 
poles ог = 1.25, approximately 20 per cent difference will be 


found from curve b, Fig. 19 


1911] . IIOOCK: INDUCTION MOTORS 927 


The minimum of the leakage cocfficient or the maximum 
power factor оп one side, and the minimum copper weight or 
smallest resistance (constant copper density assumed) on the 


other side, occur alwavs at a different ratio 2 Тһе full-load 


1220 10 POLES 


l; +2008 3.5” 


& 


| in y DEVIATION 
60 В) ан? 


DEVIATION FROM MINIMUM COPPER WEIGHT 


0 _ 
0 1 9 3 4 l; 
CURVE (а) FOR MEAN LENGTH ОҒ CONOUCTOR ="; 4d 9T 3.5" 
“ (5 “ “ “ “ “ E +20T+6” 


Fic. 19.—Deviation of the copper weight from the minimum 


ҳа) [а= 1+ 2.07 +6" n 


——— = 


DEVIATION FROM MINIMUM COPPER WEIGHT 


T 
CURVE (а) FOR MEAN LENGTH OF CONDUCTOR 1,=!; + 2.07 +6° 
? “ (b) = “ “ “ “ 126 +20T 4 19" 


Fic. 20.—Deviation of the copper weight from the minimum 


current is determined in the circle diagram by the no-load cur- 
rent, the leakage coefficient, the no-load and the locked power 
factor. Assuming the magnetizing current, the no-load and 
locked power factor to be constant, we find the full-load current 
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varying in the same percentage as the maximum power factor 
decreases or increases by changing the pole face proportion. 
The following procedure can be used under these considera- 
tions for finding the ratio of core length to pole pitch at which the 
copper losses approach the minimum value. The copper losses 
vary with the square of the current. Therefore we square the 
deviations of the full-load current as derived from the leakage 
coefficient and the maximum power factor, and add to these 
values the percentage deviations of the resistances from curves 
in Figs. 17 to 20. Ап example will better illustrate the аррПса- 
tion of this method. 
. We have found the leakage coefficients У с. for the motor 
D? 1, = 300.103 which are drawn in Fig. 4. The leakage cocffi- 
cient øg is then calculated by multiplying by the saturation factor 
=1.15. Curve A, Fig. 2, then gives the maximum power factor 
which is shown in the upper curve of Fig. 21. The highest 
value cos Ømar ОҒ the 32-pole tlesign is 841 per cent, at a ratio 


l 


= 1.28. For а соге dimension three times as long as the pitch, 


COS Pmaz = 825 per cent is found. This corresponds to a current 
deviation AJ of 2} per cent (see curves in Fig. 21) or (АГ: 
equal to 5 per cent. | 

We assume the mean length of conductor /, 2/;4-2.0 T 4-6 in., 
and use the curve 0 from Fig. 20 again, which 15 copied in Fig. 21 
and marked Си. Тһе sum of the two curves (A J)? per cent 


+ Cu per cent shows a distinct minimum at the ratio 73.36. 


Ву reducing the ordinate values to the zero line we find the devia- 
поп of the copper losses from the minimum. These results in- 


| ЕГДЕ 
dicate а rather large ratio (= -з 36) as far as copper losses arc 
concerned (disrcgarding the iron losses) while the highest power 
| | "E m 
factor will be obtained at a ratio a 1.28. In case the ratio is 


made 22.25, only one per cent deviation of cach item will result 
and the apparent cfhiciency will be near its maximum. If the 
power factor is a prevailing quantity in the guarantees, the core 


| ЖӨН! | 
will be made narrower, approaching the ratio 7128. This 


change however will involve an increase of copper losses and 
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higher cost. It can be seen from the flat shape of the curve that 
the performance of a large motor is less sensitive than a smaller 
one when the best proportions are not used. 

The same method is applied on the small motor D? l; = 289 
—6 poles, designated as design A. | 

The leakage coefficient Х с increased very rapidly with /,/т 
as shown in Fig. 12. With the aid of curve A Fig. 2 the сов @maz 
was plotted in Fig. 22. Then using the maximum value= 
87.5 per cent аз а Базе, the percentage of current increase 
AI per cent and (А J)? per cent were figures. For the mean 
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1.0 
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length of conductor curve b in Fig. 18 has been chosen. After 
adding the curve (A /)? to Си per cent, their sum, minimum 


* 
mum was found. These results show again that the difference 


locus (1-15) and their per cent deviation from the mini- 


between power factor and copper losses loci is large, 20.55 


against 1.75. The deviations at the cutting point, “= 1.26, 
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however, are only 2 per cent, with a maximum power factor of 
85.5 per cent. If a higher value is desired the core should be 


made narrower. At a ratio 25.20.55, а COS Фла:-87.5 per 


cent can be attained but the copper weight will be increased 
approximately 30 per cent. 

These investigations show clearly the opposing influence of 
the pole face proportions upon power factor and copper losses. 
The iron losses introduce another component which makes the 
problem practically impossible to solve, because of its variable 
proportions in the sum of the losses. A final decision can only 
be made on the basis of a complete design. 


THE OVERLOAD CAPACITY 


The change of the leakage coefficient © with the pole face 
proportion and its influence upon the whole performance of the 
motor introduce only variables in the problem. A base to 
start from however is given in the maximum torque or the over- 
load capacity. Bearing this іп mind we will change all quantities 
in such a way that the pull-out torque remains constant in our 
further investigations. 

А simple method will lend itself to this purpose. The watt- 
less magnetizing current per phase Jow; can be computed as 
follows :* 


1.11 X (total ampere turns) Хр. | 
Loni = ЕС 16 
miu fi T j (20) 
Where 


Total ampere turns = 406 ô А, В; Xsaturation factor (17) 


It is customary to express the magnetizing current in percent- 
аре of the full load current /ЕТ.. 

We combine equation (16 )and (17) and divide by the full 
load current 


Tisi _1. 11 р 4066 ky BeXsaturation factor (18) 


lre Irt mw, fi f y, 


Iri my w, represents the total ampere turns іп the stator if we 
place 


2 m, IrLw =r DiA S= ре (19) 


- = -— E eee 


* Arnold- Weehsdsteomtechai V. 
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Where A S=ampere conductors per inch circumference. 
Introducing A S in equation (18) we find 


Tow _ 1.11.406 б kı B, X saturation factor 


——— M MARE 2 
IrL fifa TAS (20) 
or for B, in kilolines per sq. cm. and А S in inches 
Tow _ 0.456 k, B, X saturation factor (21) 


Ire T fifa AS 


The maximum or pull-out torque in terms of the full load 
torque can be figured to 


maximum torque Туш 
------- - ------ SS ———————— 22 
full load torque Ds (20+ 2 ғы) sou (22) 
1 


We take only the three prevailing quantities into considera- 
tion and plot the pull-out torque against the ratio 


I Owl 


ay (see curve a Fig. 23) (23) 


The upper curve may be used for highly saturated motors 
with a small number of slots per pole and a “ bent " locked 


X saturation curve. 


Now we combine this pull-out relation with the winding and 
motor dimension of equation (21) and write 


Low _ 0.45 ô ki saturation factor В, 0.45 ô kı В; (24) 
с Ірі. отЛ),48” хотЛ/р, AS 


We see that the pullout torque can be determined without 
knowing the ampere turns for the iron when the Х с is used 
instead of the total leakage coefficient 6. 

We find therefore the ratio of the specific working quantities 
В; and AS 


„Би dup tang din P oU 


AS 04585 (25) 


This ratio will be the smallest for a certain pull out when 


TZ 
31 becomes a minimum. 
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The required field strength in the air-gap will then be obtained 
with the smallest number of ampere turns per unit of length. 
Suppose it is asked that the pull-out torque be not less than 


2? times full load torque; the ratio - шен. will then be larger 
than 0.5. Or from equation 

Bı > 0.5 fi fr, TO 2095 fifa T Z c т 

AS 0.456 Хвашгайоп factor 0.45 ô kı 


This ratio gives a relation between the specific working 
densities and the constants of the motor for a certain overload 
capacity. 

Equation (25) may also be used directly to calculate the turns 
per phase or the correct air density for a given frame and a cer- 
tain pull-out torque. We figure for this purpose from equation 
(25) the ratio B;/A S and introduce the result into the output 
equation or the machine constant* 


Dln 133.1070 
Куа. fife BiA S 29) 


_ is) 
В,=А S ¢ с 


| kv-a. 133.10". 
A97 N Da, A) f) 
dd (2 5 


And finally the turns per phase 


апа set 


Hence 


ASTD 
T 2 m, Irr S 
or the air density 
| 6 133 . 10" on C24 
D= po ——————- (29) 


D'lin END 


* Arnold-l. c. 
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These equations enable us to determine quickly the lowest 
air density at which the required pull-out torque will just be met 
in case the leakage coefficient is known. This refers especially 
to designs which are limited by the maximum torque. 


TRON LOSSES 
An incorporation of the iron losses complicates the theoretical 
design and these losses should preferably be calculated after the 
main dimensions are scttled. 
A complete line of iron loss figures was made for the same 
D? 1;= 2000 as above, running the motor on 60 cycles with a 
synchronous speed of 900 rev. per min. 


5 


MAX, TORQUE 
F.L. TORQUE 


4 


0 2 4 6 8 low! 10 
бірі 


Fic. 23 


It was pointed out that the pull out torque should be Кер{ 
constant. Assuming in this case a pull-out torque of 22 times 
full load torque, we find from equation (26). 


----- = ,) 


DH 


if we take f1—0.957 and fp, =0.966. 

The ratio B;/A S has been figured and plotted in Fig. 7 using 
the data of the lower curves in Fig. 23. 

Finally we obtain with these results in combination with 
formula (23) the required air-gap density В), Fig. 7. 
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The flux per pole 1s 


Е. 10° 


97431 cw fif Бы 
and the maximum air density in kilolines рег sq. ст. 
B=, Ê 4 | (31) 


2 615071, SHOES 


The density in the (90 per cent solid) iron behind the slots 
CNN. Е NT 
Ба= "6450 . 0.90 . 1. ha 11600.. ha (32) 


Combining, we find 


l; Вт 
= “УР 216 
В, = 0.354 пез (33) 
ог approximately 
" 
= 0.36 В; he 


The volume of the stator core is 
Vol.st.c. =(Dit2 А, йа) т [йа 0.90 cu. in. 
of the rotor core 
Vol. вы. в. =(D1-2 hy — lta.) ml lta 0.90 cu. in. 
of the stator teeth 
Vol.si 4, =Zi lin, m, 10.90 cu. in. 
of the rotor teeth 
Vol. rot. t. = Z2 ling Z5, 1 0.90 cu. 1n. 


The iron loss is figured under the assumption of a constant 
density behind the slots in the stator В, = 9,000 and in the rotor 
Ва,- 10,000. The variation of the air gap density Fig. 7 is 
evident in the core volume and later also in the losses. The volume 
of the stator and rotor core reaches a minimum while the stator 
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and rotor tecth increase with the core length. The stator teeth 
are in this example a big item and their influence is expressed in 
the volume of the total active iron very distinctly, curve С 
Гір. 25, which is a measurement of the cost of the punchings. 
Curve 6 represents the sum of stator core plus stator teeth, while 
curve a, the sum of the stator 
plus rotor teeth is a value for 
estimating the additional losses. 

The hysteresis and eddv losses 
of the stator core and teeth are 
figured separately and plotted 
in terms of the ratio 1,/т in 
Fig. 26. We notice the same 
character in the loss curves as 


WATTS 
X 


"T 
[3 ato 
«Оо. Losses m Se << 

«t 


CORE | «o2 
e 


200 ni 
6 а 
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CORE үн 


ES 
is ` e" 
ч renee at on ТЕ 


100| м 
0* [2 200—8 POLES: 


TOTAL Ron LOSSES 


= | | 

STATOR \08°ЕЯ 
PULSATION + SURFACE LOSSES 
“-----г--------- 


Fic. 25 Fic. 26 


in the curves of the volume in Fig. 24. The total iron loss 
in core and teeth caused by the rotating field increases slightly 


е [; е 
with an increase of core length (750 watts at ze 0.5; 800 watts 
l; hi қ 
at == 1.7; 900 watts at Pu 2.5). 
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The total additional iron losses decrease very slightly with a 
longer core. The pulsation and surface losses in the stator 
and rotor teeth decrease even despite the fact that the volume 
(curve a Fig. 25) increases. The explanation is given by the 
reduction of frequency of these pulsations and the speed in 
the longer core designs because the number of slots are propor- 
tional to the rotor diameter. It is very interesting to note that 
the increase of one class and a decrease of the second class 
of losses result in their sum a minimum total iron loss 
(Fig. 46). The percentage variation of the total iron losses from 
the minimum is plotted in Fig. 26. The best pole face proportion 


| | [; "—— 
of this example lies at pum 1.2. The deviation is 10 per cent at 


5-24 which is smaller than the test variations. 


These figures are carried out more completely in order to justify 
our previous assumption of constant no-load losses when in- 
vestigating the copper losses. In case the iron losses have a 
great bearing upon the efficiency at full load, the choice of the 
pole face proportion will be influenced by the ratio of the con- 
stant losses to the copper losses. 

в 


SUMMARY 


The ratio of the rotor diameter to the core length influences 
the performance of the motor considerably. The investigations 
show that there exists for every rating one ratio of rotor diamcter 
to core length for which the performance becomes a maximum. 
The power factor, the copper losses, iron losses and over-load 
capacity have an opposing influence upon this ratio. In order 
to work the material in the most advantageous manner for each 
item we would obtain as many different diameters as there are 
items. It is not feasible to express all influences in one equation. 
It 1s, therefore, the scope of this paper to determine the proper 
ratio of core length to pole pitch for which each item of the per- 
formance will become a maximum or minimum. The intro- 
duction of the leakage cocfficient, that is the ratio of the wattless 
magnetizing current to the ideal locked current furnishes very 
simple formule for practical application. 

The highest power factor will always be obtained at a ratio 
of core length to pole pitch which can easily be computed from 
formula 12. Since the obtained “ best ” result usually differs 
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from the actual machine dimensions, all calculations in the paper 
are reduced to a percentage basis in order to judge the mag- 
nitude of the deviation from the theoretical values. 

The copper losses are based on the full load current and the 
resistance. А set of curves are calculated and drawn in Figs. 17 
to 20 to indicate the relation between resistance or copper weight 
and the main dimension of the rotor. 

The percentage deviation from the maximum power factor 
has then been used in order to find in a simple manner the mini- 
mum copper losses. 

The following table shows the ratio of core length to pole 
pitch at which the power factor, apparent efficiency and copper 
loss approach the minimum or maximum values of a certain 
frame (D*/;). The limits vary with the type, length of air gap, 
{уре of winding, slot dimensions and number of poles. 


es —— = - 


Ratio of core length to pole pitch 
Dii; n oo 


Best power factor Best app. с. Smallest copper wt. 
| 20 0.2 to 0.3 0.5 to 0.8 2to 3 | 
| 200 0.4 “ 08 1.0 “ 2.0 3“ 4 | 
2000 0.8 “ 14 1.0 * 2.0 344 | 
| 10000 09 “ 1.5 2.0 * 3.0 4 “5 | 
300.10 1.3 * 1.8 3 “4 4*6 


The field of application or the characteristic of the tvpe usually 
settles or limits the main dimensions. Тһе peripheral speed, 
temperature rise, flywheel effect, method of manufacturing, 
ventilation, available floor space, shipping weight, load factor, 
power consumption and factory cost are some of the factors 
determining the choice of the diameter within small limits and 
sacrificing certain parts of the performance. [n the analysts 
of a concrete case above points should therefore be considered 
carefully. 
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ELECTROLYTIC CORROSION IN RENIFORCED 
СОМСКЕТЕ 


ВУ С. EDWARD MAGNUSSON AND С. Н. SMITH 


While reinforced concrete was coming into general use as а 
structural material much space in the technical press was given 
to discussions and reports on the durability of the encased iron. 
The results from a large number of experiments gave fairly con- 
clusive evidence that under ordinary conditions the iron is 
protected, and that even if it was rusty when placed in the con- 
crete, it will be free from the oxide after remaining in the 
concrete for some time. The time test on the durability of prac- 
tical structures is, of course, the final arbiter, and for each year 
the increasing data bears out the assumption that properly con- 
structed concrete-steel structures will stand indefinitely. 

With so much evidence tending to prove that iron encased in 
concrete will remain in good condition for any length of time, 
it was quite natural to infer that when failures did occur, the 
crack in the concrete preceded the corrosion of the iron, and that 
the presence of the iron in no way entered as a factor in causing 
the failure of the concrete. The complex chemical changes 
taking place for a considerable time in the hardening process of 
cement makes it difficult to secure any chemical basis on which 
this inference might be refuted. According to Le Chatelier the 
hardening process consists in a slow hydration and hydrolysis of 
the compounds formed by the fusion of the cement materials. 
The process being a change from the tri-calcium silicate 
(3Са0О.510.), by adding water, to a lower hydrated silicate, 
(CaO .510,4+2.5 НО) and calcium hydroxide (2Ca(OH);), or 
2(3CaO . 510) +3H.O = 2(2CaO .510.) H:O +2Са (ОН), and the 
hydration of the tri-calcium-aluminate, (СаО .А1.Оз Аа. 


Note:—This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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= (3CaO.Al203.12H2O). On the solid solution theory Richard- 
son gives the formation as a tri-calcium-aluminate, (ЗСаО.А1О;) 
dissolved in tri-calcium-silicate, (ЗСаО . 510.) in solution with 
an accessory compound consisting of di-calcium-aluminate, 
(2CaO.A1,0,) dissolved in di-calcium-silicate, (2СаО.$10.). 
In a recent paper! Dr. O. Schott reports on an investigation of 
the several compounds comprising Portland cement and in his 
conclusions he holds that “ Tri-calecium-silicate cannot Бе 
present in Portland cement ", and further, that it “ represents 
merclv a fused mixture in the molecular proportions 3CaO 
and 15102 which contains free lime in addition to a chemical 
compound ". From the above it is evident that chemical 
analysis docs not offer a simple basis for determining changes in 
the properties of cement. | 

Besides the complexity of the chemical changes, many varia- 
bles of poorly defined range enter into the making of concrete, 
both in quality of material and manner of construction, so it 
bccomes very difficult to prove that any portion of a structure 
where failure develops was constructed in a proper manner and 
from good material. Under these conditions it has become quite 
customary to assume that a crack in the concrcte is in itself 
cvidence of poor ccment, careless construction, faulty design 
or some other similar factor. 

Outside causes like vibrations from periodic impulses have 
been investigated in special cases, and for the past four years 
or more some attention has been given to the possible effects 
of electric currents. In the discussion? of Knudsen's paper 
a marked difference of opinion was manifest and it appeared that 
more experimental data would be necessary to determine the 
true nature of the phenomena. Accordingly, a series of experi- 
ments was begun in September, 1907, 1n thc Electrical Engineer- 
ing Laboratory of the University of Washington, for the purpose 
of studying the electrolytic effects on iron in reinforced concrete. 
The work may be grouped under three heads. 


I. To determine if failure. in reinforced concrete сап be 
produced by the electric current. 
II. To analyze the process involved. 
ПІ. To find means of protecting the concrete against the 
actions of the electric currents. 


1. Cement and Engineering News, Vol. ХХ, Nov. and Dec., 1910, page 
ТЕ. 

2. TRANSACTIONS А. I. Е. E., XXVI, 265. 

3. Transactions А. I. E. E., XXVI, 231. 


ж 
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It may be noted that these experiments take a long time; the 
mere preparation of a block before any observations are taken 
requires from thirty to eighty days, while the readings with a 
single block in circuit may continue for a few days or months, 
or even a year. The work is still incomplete but it seemed wise 
to make a progress report at this time in the hope that the data 
may prove helpful to others. Unless exception is noted, the 
following points will apply in these experiments: 

(а) The cement used was of the ‘‘ Washington " brand made 
at Concrete, Washington. This brand is of good commercial 
quality and is used extensively in the Puget Sound region. For 
lack of time only a few tensile strength tests were made, but 
these gave results well within the specifications for a standard 
Portland cement as given by the American Society for Testing 
Materials. 

Table I gives data from one test on tensile strength. 


TABLE I 
Time Samples : Average 
1 2 2 
24 һомгв............ 105 103 112 108 Ib. per sq. т. 
оне 447 495 555 499 “ “ „Же 
PAo “мшез ада» 730 726 695 Ag. С me 


Specific gravity 3.09 3.19 3.11 3.13 


(b) The iron was cut into eight-inch (20.3-cm.) lengths from 
commercial stock of ł in. (19 mm.) Johnson steel bar. A copper 
wire was soldered to one end for making electrical contact. 

(c) The ratio of cement to sand was one to three for the con- 
crete. The sand was of good commercial quality. 

(d) Cylindrical blocks nine inches high and six inches in 
diameter were formed in moulds. The iron bar was placed along 
the axis and extended to within two and one-half inches of the 
lower end, thus leaving a layer of about two and one-half inches 
of concrete between the water in the tank and the iron bar. 
Each block was kept in a moist condition for at least thirty days 
before the electric motive force was applied. Three blocks were 
made at a time, two were used in the circuit and the third kept as 
a check. 
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I. WILL THE ELECTRIC CURRENT CAUSE FAILURE IN REIN- 
FORCED CONCRETE? 


This has been investigated and papers published‘ by Knudsen, 
Toch, Crim, Langsdorf, Nicholas and others and all come to an 
affirmative conclusion. A number of experiments similar to 
those referred to above, were made and with like results. Modi- 


TABLE II у 
* BLOCKS МО. 27 AND 31 ІМ SERIES ОМ 90 VOLTS, DIRECT CURRENT. 
UNPAINTED IRON BARS IN CONCRETE BLOCKS, IMMERSED IN FRESH 


WATER 
Time from Amperes Volts Remarks 
Start 

бїаг!......... 0.105 86.5 
30 вес........ 0.105 86.5 

1 min........ 0.105 86.5 

- - Mm 0.106 86.0 

5. US peel 0.107 86.0 

IQ. Уы іы 0.110 85.6 

Ih зы. 0.114 85.6 
Ago. oec 0.116 85.6 

lI Hie 2 Газ 0.116 85.7 

PA Жас 0.112 86.5 

Зр ору 0.118 99.0 

Sp РОЯ 0.118 95.0 

1 day........ 0.091 101.0 Noticed three small cracks from iron 
а, 0.058 92.5 to circumference of block No. 31, 
О ЕРЕ 0.043 89.0 19 hours. Cracks widened in No. 31. 
De. OP san сатысы 0.045 89.0 

Dp Те 0.078 91.5 

O ТТЕРІ 0.079 93.0 

/ MB CC Алыш» 0.070 96.0 

Жете 0.072 91.2 

Or Je osocSess 0.069 90.0 

I0. UL uos 0.081 92.3 

IL оса тыз 0.093 92.0 

p а 0.097 87.6 

pd. Etuis 0.088 81.6 Wide crack in No. 31. 
ie T isl: 0.064 89.5 

Г Siue 0.066 92.1 

IU UNIS occ: 0.070 91.8 

Jd V Loic ed 0.061 92.6 

If; M асы 0.053 90.8 

Z1 арм ының 0 042 90.6 

2 ED ыз ыс 0.030 104.5 

DU. ых 0.026 84.0 

290 Ж асары Experiment stopped. 


fications іп applied voltage, current density, and kinds of 
aqueous solutions did not alter the general result. 

No. 27 was not affected while No. 31 was readily pried apart 
with a screwdriver. 


4. See appended bibliography. 
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In curve I and Table II is given a typical set of data, and Fig. 1 
and Fig. 2 show the arrangement of the material under test, 
while Fig. 3 and Fig. 4 show the appcarance of blocks at the end 
of the experiments. Іп most cases the e.m.f. was applied be- 
tween the tank and the iron bar in the block. When two blocks 
were in series, with the positive to one of the iron bars and the 
negative to the other, wooden tanks were used. 

To add more data on this point would be useless repetition, 
for in the papers alreadv referred to it has been shown that an 
electric current passing from the iron through the concrete will 
cause corrosion where it leaves the iron, and, if the process be 
continued for a sufficient length of time, the surrounding concrete 
will crack. 


AMPERES 
0.12 


. 2 4 6. 8 W 140? M i 18 20 22 24 20 98 W. 
7 Y 


Curve [ 
II. ANALYSIS OF THE PROCESSES INVOLVED 
This fact bemg established, it becomes important to determine 
the processes involved by which the current causes a failure in 
the concrete. 
The following suggestions will be discussed: 


(a) Temperature rise due to R 13 losses. 

(b) Hydrostatic pressure at the anode due to the current 
and to changes in solution density. 

(c) Pressure caused by the generated gases. 

(d) A chemical change in the cement, due to the current 
directly, destroying the cohesive strength of the con- 
crete. 

(e) During corrosion, the iron changes to an oxide or a salt; 
this involves an increase in volume, and the compound 
taking more space than the iron from which it is formed. 
As the process continues the point may be reached 
when the stress becomes sufficient to rupture the sur- 
rounding concrete. 
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(а) In cases where the current is comparatively large and 
more heat is generated than can be dissipated without a great 
rise in temperature, this factor may be the cause of the failure.. 
With sufficient heat generated to cause the water to change into 
steam, failure of the concrete will quickly follow. For example, 
in Table XII, No. 9, steam was given off and the block cracked 
in five hours. Such cases are, however, rare and readily noticed, 
and the flow of the current stopped. The large majority of cases 
deal with small currents, a few hundredths of an ampere, and the 
rise in temperature is slight. Hence, except in a few very special 
cases the heat will readily be dissipated and the concrete will not 
be affected by this factor. 

(5) While the hydrostatic pressure at the anode is sufficient 


КіБ: 1 


to force а few drops of discolored water up around the edges of 
the iron on top of the block, the porous nature of the blocks 
makes it improbable that any considerable stress should come 
from this source. Whether the pressure is caused by the flow 
of the current radially from the iron, or by the increase іп solution 
density through the formation of salts near the iron, it seems 
obvious that the liquid should readily escape through the pores 
of the concrete upwards along the iron bar. The drops of dis- 
colored water that appear on top of the block when action is in 
progress, show that this path 1s open. Тһе water will rise to the 
top before, as well as long after, the crack appears. With the 
form of block used, the water was raised only a few inches and 
the pressure under these conditions should be negligible. 
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(c) From the porous nature of the surrounding material it 
seems quite impossible that any large force should come from 
this source. Moreover, when two blocks are connected in series 
(Table II) the hydrogen gas will be twice in volume to the oxygen 
and still no action is observed where the hydrogen was liberated 
while the block receiving the oxvgen cracked in nineteen hours. 

(4) In order to determine what action, Ц any, was produced 
directly on the concrete by the electric current the resistance of 
cement and concrete was first measured under specified conditions 
Only limited data were available on the resistance of cement 
апа concrete. А conclusion from very Hmited experimental 
data, that? “Іп no sense can concrete be considered an in- 
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sulator, and as shown, it is from all appearances just as good ап 
electrolyte as any of the soils of the earth ”, can hardly be con- 
sidered final. . 

In connection with Creighton’s® work in lightning arresters 
the resistance of concrete and cement was investigated by Marvin. 
The observations deal particularly with the effect of high tem- 
peratures. 

The tests’? “tend to show the following conclusions: ‘ At 
moderate temperatures, the resistance depends simply on the 

5. Transactions А. I. Е. E., XXVI, 231. 


6. Transactions А. I. Е. E., XXVII, 669. 
7. TRANSACTIONS А. I. E. E., XXVII, 732. 
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amount of moisture in the cement and becomes extremely high if 
the moisture is removed, either by long drying or by artificial 
heating. The addition of sand increases the resistance, acting 
apparently as an insulator distributed through it. When ce- 
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ment is heated, it at first increases enormously in resistance as 
the moisture is driven off, but at a red heat 1t again becomes as 
good a conductor as when cool and damp. With the same volt- 
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age per unit of length, a moderate voltage as 600 volts will not 
heat the material above 300 deg. cent. so as to pass the interval of 
high resistance; but a higher voltage, as 8,000 volts can pass the 
interval and heat the resistance to incandescence.' ”’ 
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Since conductivity measurements could not readily be made 
with the cylindrical blocks containing the iron bars, as used 
in the other experiments, eight sets of cubical blocks were made, 
using standard brass moulds from the cement laboratory. Each 
set consists of 24 cubes. Of these, 12 were of neat cement and 
the other 12 of concrete. Twelve moulds were available and 
12 cubes were made at a time; three three-inch cubes (7.6-cm.) 
cubes, six two-inch (5-cm.) cubes and three one-inch (2.5 cm.) 
cubes. In making the cubes, care was taken to secure uniform 
conditions. The consistency was adjusted to give, when tested 
by the Vicat needle a reading of 10 on the scale. Numcrous air 
bubbles appeared in the cement cubes, and probably expert 
moulders would have secured better results. After removing 
the cubes from the moulds they were kept in a moist condition 
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for over twenty days, and then under water for ten days longer. 
After that, sets No. 1, 2, 3, 4, Тапа 8 were placed on a shelf in a 
steam heated room and sets No. 5 and 6 were placed on top of the 
steam radiators in the same room. This drying period extended 
over 40 days. Тһе cubes were weighed before and after drying; 
and the two-inch (5-cm.) cubes from sets No. 5 and 6 showed a 
loss in weight of about 9 per cent for cement and 13.6 per cent 
for the concrete. Тһе other cubes gave a slightly smaller loss 
indicating that in the shelf dried sets some moisture still remained 

The twenty-four two-inch (5-cm.) cubes from sets No. 5 and 
6 were then tested for their electrical conductivity by means of 
a Leeds & Northrop deflection galvanometer, with the circuits 
arranged as shown in Fig. 5. 

The galvanometer constant for the part of the scale used was 
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19.5 . 10° amperes for one millimeter deflection on the scale. 
The cube was placed between two copper plates; these in turn 
between two fibre boards for insulation. Outside of the fibre, 
blocks of wood were placed, and the whole put under pressure 
by means of a clamp, thus securing fairly good contact between 
the copper plates and the cube. In series with the cube by means 
of the copper plates the galvanometer was connected to three 
storage cells giving 7.51 volts. The deflection on the gal- 
vanomcter when the cubes of set No. 4 were tested showed con- 
siderable variations; for the cement the specific resistance for 
sct No. 4 varied from 0.8108 ohms to 6108 ohms, and for 
the concrete from 1.8 X10* to 3.5 X10? ohms рег cu. ст. As 
the loss 1n weight had indicated that the drying process was not 
complete, this variation was expected. Por set No. 5 (dried over 


TABLE III 


Specific resistance (1 cu. ст.) 


Жыны н КОК КО ae we ee A tocado uan К ut на 12.7 X10 ohms 

For COBCPOlO eed ra ev nem E СРТ 10.6x105 * 
TABLE IV 

Specific resistance (cu. cm.) 

Wet cement (Cedar River мәйет)....................................... 8700 ohms 
а E: (Lake Washington жабсг).................................. 7000 * 
е ш (Fifth normal NaCl во[шйоп)............................... 5500 * 
а Б (Half g “ о. 79 
Wet concrete (Cedar River жайет)...................................... 7400 “ 
s + (Lake Washington мжа4бст).................................. 6700 * 
s x (Fifth normal NaCl войинөп)........................ә....... 4500 * 
Ы i (Half normal NaCI  воїцйоп)............................... 2000 * 


the steam radiator) the readings were fairly uniform and gave 
as the specific resistance for dry cement and concrete, as given 
in Table ПІ. The galvanometer showed some “ creeping ” 
coming up to a maximum deflection and then deereasing during 
a few seconds. The readings used in the calculation were taken 
when this movement had practically ceased, about ten or fifteen 
seconds after the contact was made. 

The cubes were then placed in the following solutions: 

Set No. 5 in Cedar River water. 

Sets No. 4 and No. 7 in Lake Washington water. 

Sets No. 1 and No. 3 in 1/5 normal NaCl solution. 

Sets No. 2 and No. 8 in 1/2 normal NaCl solution. 

They were left in these solutions over two wecks so as to allow 
the water to penetrate to all parts, and then tested for the 
specific. resistance by the volt-ammeter method. Readings 


1911] ELECTROLYTIC CORROSION 949 


were taken at three pressures, 46.8, 66.8 and 86.7 volts, with a 
Weston millammeter. While some difficulty was found in 
keeping the cubes at the same dampness, the results were fairly 
uniform. In Table IV the average values in round numbers are 
given for the 2-in. (5-cm.) cubes and at about 20 deg. C. tem- 
perature. 

It may be of interest to note the specific resistances of the 
several solutions, although these would be modified when used 
with the cubes as the sulphate and other parts from the cement 
would go into solution and change the conductivity. 


TABLE V 
20 dey. cent. 30 deg. cent. (1 cu. ст.) 
Cedar River маег.......................... 20.100 ohms 15.600 ohms 
Lake Washington маег.................... 15,100 “ 12,100 » 
Fifth normal NaCl сөшбоп................. 54.4 “ 45.5 * 
Half normal x e. сымын GEM Ados 241.2 ^ 19.6 “ 
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In order to secure direct evidence of what action, if any, the 
electric current will produce on the cohesive property of the 
concrete, experiments were made using the arrangement shown 
in Fig. 6 and with the circuits as shown in Fig. 7. 

Four 2-in. (5-cm.) cubes were placed іп a row on a glass plate. 
At each end was placed a plate of iron extending a little beyond 
the surface and having a copper wire soldered to one edge for 
electrical connection. Glass plates were placed outside of the 
iron for insulation and all put in a wooden clamp, by which 
pressure could be applied so as to give a fairly good contact 
between the iron plates and the cubes as well as to bring the 
four cubes into close contact in a series. Glass strips were cut 
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2 by 8 in. (5 by 20.3 cm.) so as to fit the sides of the four cubes 
places in a row and then held in place by a steel clip. Another 
glass plate was placed on top and in this two small holes had 
been drilled about five inches (12.7 cm.) apart. By means of 
bottles and tubes as shown in Fig. 6, a salt solution was con- 
ИпиаПу supplied through the holes in the cover glass and the 
cubes kept wet. The flow was adjusted by small clamps on the 
tubes and satisfactory results were obtained in this manner. 
The cubes were kept 1n a fairly uniform state of dampness with 
a minimum by-path for the current outside of the cubes between 
the iron plates. А storage battery was connected in series with 
the four cubes letting the current pass between the iron plates 
and then through an adjustable outside resistance. The elec- 
tromotive force was kept on continuously for 25 days for one set, 


қатынының 
60 CELLS 


RUSDER 
STRIP 


and 30 days for the second set. At the anode, the iron corroded 
and the two cubes nearest this end became covered with the oxide. 
At the cathode no rust appeared. In Table VI are given the 
data of the e.m.f. applied, the current passing between the 
iron plates, and the time in days for one set of cement cubes. 
These data are typical for all the cubes and show the variation 
of resistance similar to those recorded in Table II, relating to the 
cvlindrical blocks. Іп all 32 cubes were treated in this manncr. 
These cubes were next tested for their compressive strength 
using ап Olsen's 30,000-Ib. (13,607-kg.) testing machine for the 
concrete and a Riehle 100,000-1b.45,359-kg. machine for the 
cement. Check cubes from the same set were also tested and 
the results are tabulated in Table VII. In the same table are 
recorded the average e.m.f. applied, the average current passing 
between the iron plates, and the total number of days the cubes 
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were kept in circuit. The cubes are numbered in the following 
order; No. 1 was nearest the cathode, then No. 2 and 3 and No. 4 
nearest the anode. Nos. 5 and 6 are check cubes not acted upon 
by the current. The iron plate next to No. 4 showed much 
corrosion; cube No. 4 was covered with the oxide and the others 
were somewhat discolored. No. 4 gave off a strong odor of 
chlorine when taken from the circuit. 

From data given in Table VII it is readily seen that an electric 
current of low density passing through the cement and concrete 


TABLE VI 
CUBES EXPOSED TO ACTION OF CURRENT 30 DAYS. (SEE FIG. 6 AND 
FIG. 7) ; 
| | 
Тіте Cement cubes, set No. 2 Concrete cubes, set No. 2 
| days ----- mm 
| {гот | Current Voltage Current Voltage 
| start amperes amperes 
0 0.040 114.0 0.061 99.2 
1 0.050 99.0 0.043 102.0 
4 0.020 110.3 0. 017 110.0 
6 0.037 103.8 0.023 108.3 
7 0.041 100.0 0.029 103.0 
8 0.033 102.3 0.030 102.3 
| 9 0.061 89.0 0.036 100.0 
| 10 0.070 86.5 0.055 90.1 
13 0.031 105.0 0.031 102.0 
14 0.019 108.0 0.035 100.0 | 
| 15 0.027 104.0 0.026 104.1 | 
17 0.028 106.7 0.030 104.3 
19 0 036 102.5 о (HI 102.5 
21 0.030 104.0 0.030 103.9 
22 0.031 104.0 0.018 109.0 
23 0.044 98.6 0.035 103.1 
26 0.045 99.1 0.032 104.0 
28 0.060 92.0 0.024 104.0 
30 0.054 98.0 0.025 104.0 


does not reduce the compressive strength of thc cubes. Тһе 

current was sufficient to produce chlorine gas at the cathode 

and was of about the density used in many of the experiments 

causing failure in a few days. While experiments of a wider 

range will be required to determine the limits within which the . 
current produces no effect, the results are deemed sufficient to 

show the deterioration of the cement was not the chief factor 

causing the failures in the other experiments recorded in this 

paper. 
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TABLE УП 
Maximum 
Crushing Strength 
pounds kg. 
per per 
sq. т sq. ст. 


163 
157 
146 
137 


139 


128 
120 
12] 
134 
126 


125 


195 
199 
209 
220 
213 


202 


189 
192 
156 
196 
170 
199 


Ose 

149 
Dd 
593 
237 


502 


681 


955 
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Average e.m.f. 113.3 volts. 
Average current 0.061 amperes. 
Time in circuit 25 days. 


Average e.m.f. 101.8 volts. 
Average current 0.031 amperes. 
Time in circuit 30 days. 


Average e.m.f. 116.6 volts. 
Average current 0.059 amperes 
Time in circuit 25 days. 


Average c.m.f. 103.0 volts. 
Average current 0.027 amperes. 
Time in circuit 30 days. 


Average e.m.f. 116.5 volts. 
Average current 0.057 amperes. 
Time in circuit 25 days. 


Average e.m.f. 100.7 volts. 
Average current 0.040 amperes. 
Time in circuit 30 days. 


Average e.m.f 118.8 volts 
Average current 0.042 amperes 
Time in circuit 25 days. 


Average e.m.f. 91.3 volts. 
Average current 0.062 amperes 
Time in circuit 30 days. 
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even with systems of 100,000 kw. capacity, an increase of the 
system leads to further economies. The 20,000 kw. units are 
more economical than 10,000 kw. and therefore a system using 
five, 20,000-kw. generators, is more economical than another 
using 10,000-kw. units. This means a svstem of 100,000 to 
200,000 kw. total generator capacity, considering the number 
of units which are required to secure the economical use of units 
at all times. 

There is no doubt in my mind that with an increased demand 
an increase of the system from several hundred thousand kilo- 
watt to possibly millions of kilowatt will lead to still superior 
economies, if by no other means, at least by the fact that these 
very large svstems can command the services of engincers which 
smaller systems cannot command. 

Another subject is the utilization of spare power and off- 
peak power. I am interested in the data given on the power 
required for irrigation, and the relatively small amount of power 
it costs to operate a pumping plant for irrigation purposes. 

Another use for off-peak power is the fixation of atmospheric 
nitrogen. We are rapidly approaching a time where we shall 
have to rely on fertilizers to maintain the productivity of our 
soil. Now the commercial production of nitrogen compounds 
by electrical power has been conducted successfully and economi- 
cally; but only where the development of the water power has 
been extremely cheap, and where there was no market available 
for it—as for instance, in Scandinavia. 

We must however realize that the main part of the cost of 
installation. of such industrial operations is due to the plant 
needed to convert the very diluted nitric oxides into nitric acid, 
or solid nitrates for transportation; therefore a large part of the 
cost is due to thé chemical side of the production. 

When we come to intermittent use of the off-peak power, 
where the plant is used only for a part of the time, then the cost 
of the production rapidly increases, due to the interest on the 
investment, and we find, very soon a point 15 reached where the 
production of nitrates would not be economical, even if the power 
cost nothing. Herein consists at present the great difficulty of 
utilizing electrical power for the fixation of nitrogen. But 
since this results from the cost of concentration, then if we could 
use the fixed nitrogen in a highly diluted state, we could save most 
of the investment, and so materially reduce the cost; and it 
would be economical. That means that this method of using off- 
peak power lends itself nicely to the combination with irrigation. 
We might use electrical power for irrigation, and also for pro- 
ducing nitrates, and send out the nitrates as fertilizer with the 
irrigating water in a highlv diluted state. In this way you 
could use a large amount of electrical power, and get the benefit 
of intermittent and off-peak power available in arid districts. 

А Member: Тһе author has presented some interesting facts 
in regard to this subject, and some of the speakers have supple- 
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mented that with the fact that in this distribution we should have 
good engineering and consider what territory the company 
should extend to. 

Assuming a company located in a city of 40,000 people sur- 
rounded bv towns of various sizes, under ordinary circumstances 
how long can it afford to make its extensions to reach these 
towns? 

Suppose we had a town of 1,500 people? Could we afford to 
extend three miles to reach such a town, or ten miles, or how 
many miles? Suppose it was a village of 600 people, could the 
company extend thrce or six miles to such villages? 

This is a very practical point, and in all of the talk to-night I 
have not heard a word as to just how far we could go to reach 
these various towns. I appreciate that it depends on the town 
itself—that is, whether there is manufacturing there, or what the 
conditions arc; but this question of the cost of transmission lines 
scems to me a very important factor 1n this problem; and also, 
the cost of operating the substation. "These questions scem to 
be more important than the question of what the power costs. 
But, assuming that additional power can be produced for one- 
half a cent per kilowatt-hour, how far can these lines be ex- 
tended? The net work of the towns and the number of them, 
would of course affect it. 

Wm. B. Jackson: There is just one point regarding which I 
wil take a few moments to speak. During the discussion it 
has been suggested by several that most of the illustrations of 
unified systems I have presented relate to hydroelectric dce- 
velopments. This is true, and т a wav indicates the fact that 
the number of important unified electric systems using water- 
generated powcr 1s at present much greater than the number of 
those using steam-generated power. This condition may be 
largely accounted for by the inherent character of most water- 
power developments which makes it necessary to have more or 
less important unified electric svstems to make possible their 
profitable development. But I believe an element of large 1m- 
portance is found in the fact that our plant managers who are 
operating steam-clectric plants have not, as a rule, had the 
courage or have not had the opportunity, to seriously attack the 
problem of building comprehensive systems. The facts show 
that, under suitable conditions, where ever the problem has been 
attacked with courage and with excellent engineering and com- 
mercial organizations, comprehensive steam-clectric systems 
have grown and flourished. And to-dav one finds scattered over 
all parts of the country steam-clectric svstems that are gradually 
working into unified svstems in addition to those which have 
already become comprehensive in their scope. 

It must therefore be expected that unified electric systems 
receiving power other than from hydroelectric developments will 
become relatively more and more numerous and important. 
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Institute Headquarters 


The Institute headquarters during 
the convention will be at the Hotel 
Sherman, corner of Randolph and Clark 
Streets. Оп arrival at the hotel each 
member should register and obtain an 
identification badge. The convention 
sessions will be held in the hotel. Тһе 
following program has been arranged. 


PROGRAM. 


Monday, June 26 


9:00 р.м. 
Reception and dance, 
Room, Hotel Sherman. 


Grand Ball 


€ ао ска 


Тиевдау, Јипе 27 


POWER STATION SESSION 
10:00 А.М. 

1. President's Address, Electrical Engi- 
neers and the Public, by Dugald C. 
Jackson. 

2. Introduction of 
Gano Dunn. 


President-Elect, 
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3. Development of the Modern Central 
Station, by C. P. Steinmetz. 

4. Tests of Oil Circuit Breakers, by E. B. 
Merriam. 

5. The Use of Reactances in Large Cen- 
tral Stations, by R. F. Schuchardt 
and E. O. Schweitzer. 


1:30 P.M. 

Luncheon at Western Electric Com- 
pany's Hawthorn Works, followed by 
visits to Commonwealth Edison Com- 
pany's power houses. 


ELECTRIC LIGHTING SESSION 
8:30 P.M. 
6. Depreciation as Related to Electrical 
Properties, by Henry Floy. 
7. Important Features Entering Into 
Making of Appratsals, by H. M. 
Byllesby. 


Wednesday, June 28. 


RAILWAY SESSION 
10:00 A.M. | 
8. Some Data from the Operation of the 
Electrified Portion of the West Jersey 
and Seashore Ratlroad, by B. F. Wood. 
9. Analysis of Electrification, by W. S. 
Murray. 
10. Induction Machines for Heavy 
Single-Phase Motor Service, by E. Е. 
W. Alexanderson. 


INDUSTRIAL POWER SESSION 
2:30 P.M. 

11. Automatic Motor Control for Direct- 
Current Motors, by Arthur C. East- 
wood. 

12. Limitations of Rheostat Control, by 
L. L. Tatum. 

13. Control of High Speed Electric Ele- 
vators, by T. E. Barnum. 

14. Electrically Driven Reversing Rolling 
Mills, by Wilfred Sykes. 


PARALLEL MEETING 


TELEGRAPHY AND TELEPHONY SESSION 
2:30 P.M. 

15. Multiplex Telephony and Telegraphy 
by Means of Electric Waves Guided by 
Wires, by George O. Squier. 

16. Telegraph Transmission, by F. Е. 
Fowle. 
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17. Commercial Loading of Telephone 
Circuits in the Bell System, by Ban- 
croft Gherardi. 

EVENING 
Boat trip on Lake Michigan. 


— ——— 


Thursday, June 29. 


Нісн TENSION TRANSMISSION SESSION 
10:00 A.M. 
18. Dielectric Strength of Air, Part II, 
by J. B. Whitehead. 

19. The Law of Corona and the Dielectric 
Strength of Air, by Е. W. Peek, Jr. 
20. Transmission System of the Great 

Western Power Company, by ]. P. 
Jolly man. 
21. Transmission System of Southern 
Power Company, by W. S. Lee. 
22. Transmission System of the Great 
Falls Power Company, bv M. Hibgen. 
23. Electric Line Osctllations, by С. 
Faccioli. 
2:30 P.M. 
Visit to Indiana Steel Company's 
plant, Gary, Indiana. 


8:30 P.M. 
(Under auspices of Sections Committee) 
Conference of Institute officers and 
Section delegates. 


Friday, June 30. 


GENERAL SESSION 
10:00 A.M. 

24. Economical Design of Direct-Current 
Electro- Magnets, by R. Wikander. 
25. Electrolytic Corrosion in Reinforced 
Concrete, by C. E. Magnusson and 

С. H. Smith. 

26. Wave Shape of Currents in an In- 
dividual Rotor Conductor of a Single- 
Phase Induction Motor, by H. Weich- 
sel, 

27. The Choice of Rotor Diameter and 
Performance of Polyphase Induction 
Motors, by Theodore Hoock. 

28. The Application of Current Trans- 
formers іп Three-Phase Circuits, by 
J. R. Craighead. 

29. The Cost of Transformer Losses, by 
Е. С. Stone and К. W. Atkinson. 
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PARALLEL MEETING 
HIGH-TENSION TRANSMISSION SESSION 
10:00 A.M. 

30. Solution to Problems in Sags and 
Spans, by W. Г. К. Robertson. 

31. Sag Calculations for Suspended 

Wires, by P. H. Thomas. 

32. Mechanical and Electrical Charac- 
leristics of Transmission Lines, by 
Harold Pender and H. F. Thomson. 

33. The High Efhciency Suspension In- 
sulator, Бу А. О. Austin. 


EDUCATIONAL SESSION 
2:30 P.M. 
34. Tentative Scheme of Organization and 
Administration of a State University, 
by Ralph D. Mershon. 


ADJOURNMENT 


Entertainment. 


Monday Evening, June 26, reception 
and dance in the Grand Ball Room of 
the Hotel Sherman, to which all mem- 
bers and their guests are invited. 

Tuesday afternoon, June 27, luncheon 
at the Western Electric Company's 
Hawthorn Works, followed by visits to 
the Commonwealth Edison Company's 
power houses. 

Wednesday afternoon, June 28, ladies 
reception and tea at the Art Institute. 

Wednesday evening, June 28, boat 
trip on Lake Michigan. 

Thursday, June 29, luncheon for the 
ladies at the South Shore Country Club, 

Thursday afternoon, June 29, a visit 
of inspection. will be made to the 
Indiana Steel Company's plant at 
Gary, Indiana. 

Arrangements have been made bv the 
Convention Committee with a number 
of golf clubs in and around Chicago so 
that those desiring to play golf may 
have the privileges of the clubs during 
their stay in Chicago. 

Additional entertainment for the 
ladies, including automobile trips, will 
be announced later. 


Hotel Accommodations 


As heretofore, each member should 
arrange for his own hotel accommoda: 
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tions, and correspondence in regard to 
reservations should in all cases be 
directed to the hotel management. 


Transportation. 


It has not been possible to obtain 
special transportation rates for this 
convention. Members should therefore 
consult their local ticket agents regard- 
ing routes and rates. Рагіог and sleep- 
ing car accommodations should be 
engaged in advance. 

Registration. 

Each member and guest, upon regis- 
tration, will receive a badge bearing 
his or her name, to be worn during the 
convention for the purpose of identifica- 
tion. The registration headquarters 
will be on the second floor of the Hotel 
Sherman, and the members are earnestly 
requested to co-operate with the Secre- 
tary by registering themselves and their 
guests promptly on arrival. 


The Pacific Coast Meeting 


The Institute meeting at Los Angeles, 
April 25-28 was not only well at- 
tended, but was characteristic of the 
Pacific coast, by reason of the perfect 
arrangements, and the enthusiasm and 
good fellowship which prevailed. A 
year had elapsed since the San Fran- 
cisco meeting, and consequently ample 
time was allowed for making adequate 
preparations. Notwithstanding the 
distance, the Atlantic states were fairly 
represented. Secretary Pope arrived at 
Los Angeles on May 24 and remained 
until May 29. He went by the South- 
ern Pacific route in order to meet the 
members of Atlanta Section, making 
stops also at Birmingham and New 
Orleans. i 

The Los Angeles meeting was 
called to order on May 25 Бу Mr. 
J. E. Macdonald. chairman of the 
Los Angeles Section, who introduced 
Mr. George Alexander, the progressive 
mayor of the city. Mayor Alexander 
had watched the development of the 
electrical industry since the invention 
of the telegraph and was enthusiastic 


as to its future as entering into every 
phase of life. He added that the City 
of Los Angeles owned, and was about 
developing 120,000 h.p. which through 
electrical distribution would soon be 
available for all industrial purposes. 

The chairman then introduced Mr. 
Ralph D. Mershon who as a member of 
the High Tension Transmission Com- 
mittee would preside over the sessions 
devoted to that branch of electrical 
engineering. қ 

The first paper was entitled “ Trans- 
mission Applied to Irrigation ”, by 
O. H. Ensign and James M. Gaylord 
and was presented by Мг. Ensign. 
(See April PROCEEDINGS, p. 691). Mr. 
R. J. C. Wood followed with his paper 
on “ Transmission Systems from the 
Operating Standpoint.” (See April. 
PROCEEDINGS, p. 6589). These two 
papers were discussed jointly, Mr. A. H. 
Babcock being the first speaker. Не 
was followed bv Professor C. L. Cory, 
Messrs. E. F. Scattergood, P. M. Down- 
ing, J. A. Lighthipe, Ralph Bennett, 
C. W. Koiner, L. J. Corbett and Ralph 
D. Mershon. l 

At the afternoon session on Tuesday, 
Mr. Macdonald resumed the chair, 
and in the absence of the author, Mr. 
Koiner read a paper оп “ The Refining 
of Iron and Steel in Induction Type 
Furnaces by C. F. Elwell, which was 
discussed by Messrs. Wood, R. W. 
Van Norden, E. W. Paul, J. J. Frank, 
H. H. Sinclair, R. W. Sorenson, C. W. 
Koiner and Budd Frankenfield. 

Mr. Kempster B. Miller representing 
Mr. S. С. McMeen was then called to 
the chair, and a paper on “ Cisoidal 
Oscillations,” by George A. Campbell 
(see April PROCEEDINGS, p. 789), was 
presented in abstract by Professor Cory 
in the absence of the author. 

The session adjourned at 4:15 p.m., 
in order to permit the members to start 
for Redondo Beach on a special train 
to the Redondo Power Plant of the 
Pacific Light and Power Company. 
The route of the train was through 
Hollywood, Santa Monica and Venice, 
permitting an opportunity of seeing 
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many beautiful suburban residences 
and a distant view of derricks in the oil 
district. About two years ago this 
plant was equipped with Corliss engines 
and has since been enlarged by the in- 
stallation of two 12,000-kw. Curtis 
turbine vertical sets. After ап in- 
spection of this plant the party returned 
to the train, and was conveyed to the 
Marine Restaurant, where an excellent 
fish dinner was served, followed by an 
exchange of after-dinner speeches under 
the inspiration of Toastmaster Mac- 
donald. The return trip to Los Angeles 
was quickly made before midnight 
over the direct route. 

The Wednesday morning session was 
called to order by Mr. Kempster B. 
Miller, chairman pro tem, at 10 o'clock. 
‘The first paper on “ New Automatic 
Telephone Equipment,” (see April 
PROCEEDINGS, p. 667), was read by the 
author, Mr. Charles S. Winston. This 
paper was discussed jointly with the 
paper which followed, also presented 
Бу the author, Mr. Edward E. Clement, 
cn the ‘Semi-Automatic Method 
of Handling Telephone Traffic," (see 
April PROCEEDINGS, p. 553). The pre- 
sentation of these papers occupied the 
entire morning session. 

Upon convening Wednesday after- 
noon, Chairman Miller announced that 
the paper by Mr. Gregory Brown on 
'" Some Recent Developments in Rail- 
way Telephony,” (see April Рко- 
CEEDINGS, p. 631), would be read by the 
author, the joint discussion of the tcle- 
phone papers to begin thereafter and 
continued far as possible during the 
session. The discussion was opened by 
Mr. J. W. Gilkyson and continued by 
Messrs. Leo Keller, A. H. Griswold, 
K. B. Miller, H. А. Foster, A. H. 
Babcock, Ralph Bennett, W. D. Moore, 
Schuler and H. B. Tupper. The session 
adjourned at 4 o'clock. 

There was a gathering of 184 mem- 
bers and guests at the Pacific Electric 
Building at 5 o'clock Wednesday after- 
noon, an excursion up Mount Lowe 
with a dinner at the Alpine Tavern 
having been planned by the entertain- 
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ment committee. The route was 
through Pasadena and Altadena, with 
passing glimpses of orange trees and 
innumerable flowers, beautiful resi- 
dences, surrounded by lawns, shrubs 
and vines, all at their best in the latter 
half of spring. Тһе electric cars 
gradually climbed to an elevation of 
about 2300 feet, and at Rubio Canyon 
the passengers changed to the inclined 
cable railway, which with a trackage 
of 3000 feet makes a vertical rise of 
1700 feet, the steepest grade being 
63 per cent. At Echo Mountain an- 
other change was made to an ordinary 
trolley equipment, and the party 
disembarked at Alpine Tavern to find 
a cheerful wood fire and an excellent 
dinner awaiting their arrival. The 
fog and altitude combined to make this 
reception unusually gratifying, and 
upon the return trip the air was clear 
and a beautiful view of the valley by 
search light was enjoyed at Echo Moun- 
tain; the lights of Pasadena, and seven 
miles farther away those of Los Angeles 
making a brilliant spectacle. 

Thursday morning session was called 
to order by Chairman Miller and the 
discussion of the telephone papers was 
resumed. Mr. S. G. McMeen expressed 
his gratification with the proceedings 
of the meeting, although he had been 
unable to participate by reason of 
illness until the last day. The discus- 
sion was opened by Mr. L. B. Cramer 
and continued by Messrs. Bennett, Pope 
Miller, Elwell, McMeen, Lisberger, 
Cory and Lighthipe. The authors of the 
three papers, Messrs. Winston, Clement 
and Brown closed the discussion and 
the session adjourned. 

The session of Thursday afternoon 
was Called to order by Chairman Mac- 
donald. Mr. Magnus. T. Crawford 
read his paper on “ Continuity of 
Service in Transmission Systems," 
(see April PROCEEDINGS, p. 597). The 
discussion was opened by Mr. Wood, 
who was followed by Messrs. Downing, 
Scattergood, George Henry Stockbridge, 
Van Norden, C. O. Poole, Bennett, 
Cory, Morgan and Sorenson. “ Elec- 
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tricity in the Lumber. Industry ” was 
the subject of the next paper, by E. J. 
Barry. By request of Chairman Mac- 
donald, the paper was read by Professor 
Sorenson in the absence of the author. 
The discussion was opened by Secretary 
Pope and participated in by Mr. 
К. L. Noggle and Messrs. Lighthipe, 
Bennett and Corbett, A written dis- 
cussion was received from Mr. C. 
Remschel. The afternoon session of 
Thursday was then adjourned. 

The closing session of the Pacific 
Coast meeting was presided over by Mr. 
Ralph D. Mershon, chairman pro tem. 
A committee of four was appointed to 
draft resolutions expressing the thanks 
of the meeting for the manv courtesies 
extended by the Los Angeles Section. 

Professor Harris J. Ryan then pre- 
sented his paper on “А Power Diagram 
Indicator for High-Tension Circuits.” 
(See April PROCEEDINGS, p. 511.) The 
discussion was opened by Professor 
Cory and taken part in by Messrs. 
Frank, Ensign, Mershon, Sorenson. 

The committee on resolutions, made 
the following report which was unani- 
mously adopted: 

Resolved, That the visiting members of the 
American Institute of Electrical Engineers tender 
their hearty thanks for the courtesies extended 
by the Los Angeles members and their commit- 
tees,—the interest displayed and the entertain- 
ment provided for the visiting members and the 
ladies of their parties is fully appreciated. 

The success of this, the second meeting of the 
Institute, on the Pacific Coast, under the auspices 
of the General Committees of the parent body, 
will insure enthusiasm in future Western meet- 
ings, for which the Los Angeles Section should be 
congratulated. 

And be it further resolved, that a copy of these 


resolutions be forwarded to the Secretary of the 
Institute for publication in the PROCEEDINGS. 


L. B. CRAMER, Portland, Oregon. 
M. T. CrRawrorp, Seattle, Wash. 
S. J. LisBERGER, San Francisco, Cal. 
Joun J. FRANK, Pittsfield, Mass. 


The chairmanship of the meeting was 
then transferred to Mr. Allen Н. 
. Babcock, of the Railway Committee, 
who announced that in the absence of 
the author he had requested Mr. S. 
K. Colby to present a paper by S. L. 
Naphtaly entitled “ Operating of а 
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1200-Volt Railroad." This manuscript 
having been reccived too late to permit 
of advance printing was necessarily 
read іп full, and was afterward dis- 
cussed by Mr. C. H. Masson. 

An informal discussion was then en- 
gagcd in upon the relations between the 
consulting engineers and the manu- 
facturing companies, in which Messrs. 
Babcock, Mershon, Cory, Scattergood 
and Ensign took part. Letters of regret 
were read by Chairman Macdonald, 
from President Jackson, Past-presidents 
Stillwell and Sprague, Manager W. S. 
Murray and Messrs. Gano Dunn, 
W. B. Jackson and others, after which 
the meeting adjourned. 

During the technical sessions on 
Thursday the visiting ladies were enter- 
tained by a sight-seeing tour in auto- 
mobiles through Los Angeles, Holly- 
wood, Glendale, Tropico, Pasadena, 
etc., stopping for luncheon at Casa 
Verdugo. This trip was under the 
direction of Mr. C. G. Pvle. 

On Friday, the business sessions of 
the meeting having been completed, 
250 members and visitors left the 
Arcade Depot at 8:30 a.m. for Redlands, 
Riverside and vicinity by special train. 
At Pomona the Southern California 
Edison Company's representatives in- 
vaded the train distributing oranges, 
roses and pamphlets descriptive of that 
city, while a band played at the station. 
At Redlands the party was met by more 
representatives of the Southern Cali- 
fornia Edison Company with carriages 
and automobiles and was thus conveyed 
up the Mill Creek Canyon, a distance of 
12 miles, for an inspection of the power 
plants of that companv. А delightful 
luncheon was served at Power House 
Мо. 1, under the trees. After this the 
party returned to Redlands and thence 
to Riverside where dinner was served 
at the Mission Hotel among truly 
romantic surroundings. An organ re- 
cital in the music room after dinner by 
Professor McClelland of the Salt Lake 
City Tabernacle wasa feature greatly en- 
joyed. An impromptu meeting was also 
held, of which Mr. $. С. McMeen was 
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Chairman. Мг. S. б. MeMeen expressed 
the appreciation of the members of the 
many courtesies extended by the South- 
ern California Edison Company and 
a response was made in bchalf of that 
company by В. Е. Pearson. Messrs. 
Liyhthipe, Foster and Pope made ad- 
dresses. Тһе party arrived back in 
Los Angeles at 11:15 p.m. and thus 
closed the most enjoyable day of a 
highly successful meeting, the total 
registration of which was 330. 


Annual Meeting, New York, 
May 16, 1911. 

The Annual Meeting of the American 
Institute of Electrical Engineers was 
held in the auditorium of the Engi- 
neers' Building, 33 West 30th Street, 
New York City, on Tuesday evening, 
May 16, 1911. President Jackson pre- 
sided and called the meeting to order 
at 8:30 p.m. At the meeting of the 
Board of Directors held during the 
afternoon the President had appointed 
the Board of Examiners а proxy com- 
mittee. who reported that a sufficient 
number of proxies had been received 
to make a quorum. Тһе Secretary 
then read the report of the Committee 
of Tellers, and the President announced 
the election of the following officers, to 
assume office at the beginning of the 
administrative. year, August. 1, 1911; 
President, Gano Dunn; Vice-Presidents, 
D. B. Rushmore, C. W. Stone, W. G. 
Carlton; Managers, F. S. Hunting, 
Farley Osgood, №. W. Storer, W. S. Lec; 
Treasurer George А. Hamilton, Secre- 
tary, Ralph W. Pope. This announce- 
ment was followed by the reading of 
the tellers’ report on the vote on the 
constitutional amendments. Тһе ге- 
port showed that of the total of 2,369 
votes cast, 1,666 were in favor of the 
adoption of the proposed amendments, 
and 703 against the adoption of the 
amendments. The affirmative vote 
being less than 75 per cent of the total 
number of votes cast, the President 
announced that the amendments were 
lost. The next order of business was 
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the presentation by the Secretary, of 
the annual report, which was accepted 
and ordered printed in the PROCEED- 
INGS. The business of the meeting 
concluded with the announcement that 
at the Directors’ meeting held during 
the afternoon, 87 Associates had been 
elected, and stx Associates transferred 
to the grade of Member. The annual 
report, both reports of the Committee 
of Tellers, the names of the Associates 
elected and those transferred, all appear 
in this issue of the PROCEEDINGS. 

The regular business session was 
succeeded by the formal presentation 
of the Edison Medal to Mr. Frank 
Julian Sprague. A more extended re- 
port of the ceremonies attending this 
function will be found elsewhere in this 
issue. 


Frank J. Sprague Receives the 
Edison Medal 

The annual meeting of the Institute 
May 16, was the occasion of the pres- 
entation of the Edison Medal and the 
accompanying certificate of award as 
determined by the Edison Medal 
Committee. The guests of honor 
with their escorts formed a procession 
marching up the main aisle of the 
auditorium at the opening of the meet- 
ing.  Past-president Sprague was es- 
corted by President Jackson, Past- 
president Thomson by Secretary Pope 
and Mr. Edison by Past-president 
Martin. Among the other guests of 
honor were Past-presidents Duncan, 
Crocker, Scott, Lieb, Wheeler, Sheldon, 
Stott and Stillwell also officers of na- 
tional and local engineering and learned 
institutions. 

Immediately following the official 
business of the meeting, Past-president 
Thomson, Chairman of the Edison 
Medal Committee, апа the recipient 
of the first Edison Medal, incompleting 
the duties of the committee spoke as 
follows: 


“Іп 1904, following upon the cele- 


bration in honor of Mr. Edison, and of 


the twenty-fifth anniversary of the 
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invention of the incandescent lamp, 
the Edison Medal Association was 
organized by a number of his friends 
and admirers, who established the 
Edison Medal to be given to those 
distinguished for electric achievements, 
and the selection of the recipient was 
delegated to a committee of this Insti- 
tute. 

“ Acting for this committee, and in 
accordance with its by-laws, I now have 
the pleasure of announcing its recom- 
mendation that the Edison Medal 
Award be granted to our worthy fellow 
member, Mr. Frank J. Sprague. 

"I need not now dwell upon the 
invaluable pioneer work in electric 
railways, nor upon the original inven- 
tions in multiple-unit control, as ex- 
emplified in urban and interurban elec- 
tric railways, performed by Mr. Sprague. 
His work in vertical transportation by 
high-speed elevators is a fitting com- 
plement to so much achievement in 
horizontal traction. The TRANSACTIONS 
of the Institute have been enriched 
by many valuable papers and discus- 
sions on these and kindred topics, in 
which Mr. Sprague has been the leading 
figure, and although it is nearly thirty 
years since he began work in his chosen 
field of electric-motor applications, he 
is still to the fore in the later problems 
of transportation by electric power, a 
branch of electrical engineering, the 
future of which will doubtless far out- 
rival the brilliant past. But Mr. 
Sprague entered the field when the art 
was new and untried, when the burdens 
were heavy and the toil unceasing, 
when history had to be made by 
strenuous effort in the face of great 
difficulties. His merit is that he has 
succeeded. 

“It is a gratification to the Edison 
Medal Committee to assist in the suit- 
able recognition of this work of Mr. 
Sprague by its recommendation of the 
Edison Medal Award to him. I have 
now the honor, Mr. President, of leaving 
to the Institute to carry to completion 
on this occasion the work of this com- 
mittee, by the presentation of the 
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certificate of award and the accompany- 
ing medal." 

In presenting the medal, President 
Jackson reviewed the history of the 
medal alluding to its first award in 
1909, continuing as follows: 

“Тһе medal of 1910 is now to be 
conferred on Frank Julian Sprague. 
А pledge that the reputation of suc- 
ceeding years is well guarded lies in the 
personnel of the board of directors of 
the Institute and the personnel of the 
Edison Medal Committee. 

‘The parent flower of electrical engi- 
necring was unfolded by Galvani and 
Volta at the closing of the eighteenth 
century. Its seeds were fertilized and 
sown by Humphrey Davy, Hans 
Christian Oersted, Michael Faraday 
and Joseph Henry, during the first 
third of the nineteenth century. Al- 
though watched, tended and nurtured 
by many men, the new vine showed 
little commercial vigor or usefulness to 
the world until the last third of the 
nineteenth century, when, with the 
electric telegraph already established, 
the multicoil dynamo armature, the 
telephone, duplex and quadruplex tele- 
ргарһу, commercial arc lighting, the 
incandescent lamp, the electric railway, 
all sprang into being. Sparks of all 
sciences were fanned into flame and 
made to contribute to the growth, 
and electrical engineering became a 
marvel among the world's industries. 


* * * 


"When Sprague invaded Richmond in 
1887, resolutely plunging into a pool of 
difficulties from which only unceasing 
fertility of invention and tireless in- 
dustry could extricate him, he woke the 
world of transportation to an acknowl- 
edgment that the electric railway, 
though an infant, had а future. 
Sprague's restless nature contrasts with 
the more cautious processes of the able 
Van Depocle, his rival in the commer- 
cial development of electric traction in 
America; but we now forget the finan- 
cial difficulties of the Richmond ex- 
periment in contemplating the brilliancy 
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of the mancuver, and rejoicing in the 
world-wide cffect of its success. 

" Sprague's courage and persistence 
are proverbial. Give to others all due 
credit in the development of the elec- 
tric railway as a useful agent, and we 
must still admit that Sprague's coura- 
geous, persistent, resistless preaching and 
practice had a primary influence in 
bringing about the conditions and pro- 
ducing the inventions which afford our 
modern, rapid, cleanly and cheap elec- 
tric suburban transportation service by 
tramway. 

“ The problem of the electric elevator 
attracted Sprague, and he went with 
dash into the business of building 
master-controlled electric elevators. 
This led indirectly to another important 
invention in electric traction. Laying, 
in his mind, several master-controlled 
electric elevators on the level, he in- 
vented the multiple-unit control for 
electric trains; and he introduced the 
invention in commercial service by 
means demanding a courage that com- 
mands admiration from even the deep- 
est doubter of the commercial wisdom 
of the spectacular process. 

ж ж ж 

“Оп the ground of his electric- motor 
inventions and his traction accomplish- 
ments, I am authorized to confer on 
Mr. Sprague the second Edison Medal 
conferred in the history of its founda- 
tion." 

Past-president Sprague in accepting 
the medal expressed his appreciation of 
the honor in the following fitting re- 
marks: 

"I would indeed be strangely con- 
stituted if I were not deeply sensitive 
to, and profoundly moved by, so kindly 
an introduction, so cordial a reception, 
and so great an honor as the award to 
ine of the Edison Medal. 

"In truth, I am glad to be thus 
honored, and to pretend otherwise 
would be to violate one of the essential 
tencts of our profession, which above all 
teaches us to be exact in statement; and 
thank you all, I do, with a very full 
heart. I am not, however, unmindful 
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of a first-hand knowledge of my own 
shortcomings, and I know how un- 
warranted it would be to assume that 
this compliment is limited to a personal 
recognition of the work which as an 
engineer it has come to my hand to do, 
and the possibilities of which аге so 
largely a matter of professional training, 
rightness of the times and existence of 
opportunities. 

“Тһе committee, it is true, has been 
good enough to individualize me in 
this happy manner, but what would 
have been the result if in addition to a 
special training, the material and per- 
sonal health and the loyal support 
vital at critical times had not been 
forthcoming? Rarely is there an in- 
dustrial development on any large 
scale except by the combined effort 
of many people. One may by nature be 
more aggressive and optimistic, more 
persistent and confident than some of 
his fellows—may, if you please, be 
called a master workman, but he must 
have his living tools, his faithful co- 
workers, and some measure of financial 
help. | 

'* I would, therefore, be indeed remiss 
if I did not thank you not alone for 
mvself, but also first on behalf of mv 
beloved айта mater, the United States 
Naval Academy. 

“Т thank you, too, for those who in 
business and professional ways, in 
sunshine and in storm, when dis- 
couragements crowded thick and fast 
as well as when hopes ran high, were 
an ever ргевспі help—Johnson and 
Harding, McPherson, Crosby and 
Greene, Lundy, Mason, and O'Shaugh- 
nessey, Carichoff, Hill and Sheppard, 
and a host of others.” 

Mr. William B. Potter, engineer rail- 
way and traction department, General 
Electric Company, then addressed the 
mecting giving an historical review of 
the development of the electric railway, 
alluding to the early work of Siemens, 
Edison, Field, Daft, Van  Depoele, 
Sprague, Eickemeyer, Bentley апа 
Knight, Short and Henry, concluding 
with a biographical sketch of Past- 
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president Sprague and the influence of 
his work upon the entire electric rail- 
way industry. 

Professor Franklin H. Giddings of 
Columbia University then spoke upon 
the “ Social Results of the Introduction 
of the Electric Railway " directing 
attention to growth of traffic in small 
villages as well as large cities. The con- 
clusions he reached were expressed in 
these words: 

" I think that any fair and reasonable 
survey of the facts will convince a 
judicious mind that the total effect of 
this change in means of communication 
is in the long run not to increase con- 
centration, not to bring into existence 
some new, peculiar class of human 
beings, not to present some new and 
peculiarly economical studies, but is on 
the whole, so far, to equalize and level, 
as to secure a very great predominance 
of this middle class of excellent aver- 
ages, which is the stability of American 
life, without that impossible standardiz- 
ation, that impossible bringing up 
everything to a common level, which is 
destructive of all originality, of all 
variation from the type, of all inven- 
tion, of all breaking away to go on 
into new and unexpected things in the 
future. Іп this I see the real ad- 
vantage, the real social effect, of the 
introduction of the electric railway." 

“The Relation of Government Con- 
trol to the Development of Electric 
Railways and Electrification of Steam 
Lines ", was the subject of the next 
address by George F. Swain, professor 
of civil engineering at Harvard Uni- 
versity, who summarized his remarks 
as follows: 

(1) Despite all of its well-known 
advantages, electrification is not a 
necessity, but a luxury. (2) Railroads 
have been hampered financially by 
excessive governmental interference and 
hostile public prejudice and would have 
difficulty in raising the capital required 
for compulsory electrification. (3) 
Terminal electrification would delay 
the electrifying of an entire section and 
therefore not produce the economies 
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of the latter. (4) Compulsory elec- 
trification would deter the railroads 
from making experiments which might 
result in more economical and im- 
proved service. (5) Terminal electrifi- 
cation would probably result in an in- 
stallation not well adapted to the elec- 
trification of a long stretch of the line. 
(6) Electrification has not yet been 
sufficientlv standardized. 

The exercises of the evening were 
closed with an address on “ Electricity 
in the Navy ", by Commander S. 5. 
Robison who traced the development of 
electrical equipment in the naval ser- 
vice from the first dynamo constructed 
by Professor Moses G. Farmer in 1874, 
down to the electrical installation on the 
battleship New York the approximate 
cost of which was $600,000. 


Extra High Tension Operation 
Session at Chicago 
Convention 

There will be a session at the Annual 
Convention to discuss the general 
question of Extra High Tension Opera- 
tion. Four or five short contributions 
will be offered, summarizing the ex- 
perience of our principal transmission 
plants now operating at 80,000 volts or 
higher. These contributions will be 
printed in the July PROCEEDINGS. 
It is the purpose of this meeting to 
bring out and discuss as many as pos- 
sible of the matters peculiar to the tvpe 
of plants used for these voltages, 
especially as developed in actual prac- 
tice. It 15 earnestly requested that all 
engineers having any information of 
interest on this subject will either attend 
and join in the discussion or send 
written communications. It is be- 
lieved that a careful perusal of the 
communications already referred to 
will suggest new points of view and 
valuable comments to many of our 
high tension engineers. 

It is expected that some of our leading 
engineers will open the discussion. 

) Percy Н. ‘THOMAS, 
Chairman, High Tension 
Transmission Committee. 


190 PROCEEDINGS OF A. I. E. E. [june 


Tellers’ Report on Election 
of Officers 


Мау 4, 1911. 
To the President of the 
American Institute of Electrical Engi- 
neers, 


DEAR Strk:—This committee has 
carefully canvassed the ballots cast for 
officers for the year 1911-1912. The 
result 15 as follows: 


Total number of ballot envelopes received .. 5130 
Rejected on account of bearing no 
identifying name on outer envelope, 
according to Article VI, Section 33, 
of the Constitution.......0...000.. 68 
Rejected on account of voter being in 
arrears for dues оп May 1. 1911, as 
provided in the Constitution and 
Ву-һазуз.........................167 
Rejected оп account of ballot not being 
enclosed in inner envelope, or on ac- 
count of inner envelope bearing an 
identifying name. according to Arti- 
cle VI, Section 33, of the Constitu- 


Rejected on account of having reached 

the Secretary's office after May 1, 

according to Article VI, Section 33, 

of the Constitution... ........ lis. 22 
Rejected as duplicates, two envelopes 

having been received from the same 

person. (іп such cases the ballot re- 

ceived last was counted.) ..........101 553 


Leaving as valid ballots.......... 4577 


These 4577 valid ballots were counted, 
and the result is shown below: 


For President 


Gano Юнцпп............................ 9505 
Ralph D. Мегвһоп..................... 2027 
ЭСА еги Cc soe wiped онем 1 
Blankie а ал ies eh eh ee ie се 44 
4577 
For Vice-President 
D. В. Ки<һтоге....................... 4384 
С. W. бїопе........................... 4230 
W. G. Сагиоп......................... MS 
H- E- Clifford ou Ri Lese ete шы 225 
B. А. ВеһгспЧ......................... 159 
QS. Lyford; Ttov oder 50 
В. G. апе: 225 diet cise Swe XE 81 
SCat tering c ose wad dea ea ОЗАДЫ NE 3 
Blink scam bea Ақ Eu uel eus Мы Л b 354 
13731 
For Managers 

F. S. Hunting . .................. ss 4434 
Farley Озқоой......................... 4392 
Ne PELLIT PE 4242 
1.385 Нева e LUE ҚЫ XA es 4181 


А. H. Типтегтап..................... 188 
J- Еу Stevensi 25 УКИ ERSTE DU 125 
Wa Ре и азат Ала ЖАУУ S 49 
Есір; ВЕ тас Rides ЕЕ! унта 145 
Philander Всїїз........................ 27 
H. WS “БЫНЫ; аса а ЫҚ да 44 
Е Re Bil. ооо wits Sans 14 
W. S. ЁгапКїйп......................... 52 
Ws B: dJacksole«ss shes heey кіре ea ERER 24 
SEAT еги e ав ее сөн 2 
БІЛИК tote oe oe лә ры бен Шамы олы дн 409 

18308 

For Treasurer 

George A. НапиПол.................... 4566 
Blank eode ТЫҒЫ ИРЕ ЫЫ eds 11 

4577 

For Secretary 

Ralph, W. Рорз........................ 4550 
SOStte IHE use лына aces Suet ees 14 
Ба К ыа es nod ete AMORES RUE 13 

4577 


Respectfully subinitted, 


GEO. A. BAKER, Chairman. 
S. М. CASTLE. 
Оох M. Rick. 
ROBERT MORRIS. 
Commuttee of Tellers. 
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Tellers’ Report on 
Constitutional Amendment 
Ballots 

May 11, 1911. 
To the Board of Directors, 

American Institute of Electrical Engi- 

neers, 

GENTLEMEN:—This committee has 
canvassed the ballots cast on the con- 
stitutional amendments submitted to 
the membership in a circular letter, 
under date of March 15, 1911. Тһе 
result is as follows: 


Total number of ballot envelopes received ..2758 
Rejected on account of bearing no 


identifying name on envelope....... 81 
Rejected on account of voter being in 
arrears for dues .................. 87 


Rejected as duplicates, two envelopes 
having been received from the same 
person (in such cases the ballot re- 


ceived last was counted)........... 90 
Rejected on account of having been re- 
ceived after May 9, 1911.......... 8 266 
Leaving as valid ballots...... 2492 


~ 


1911) 


These valid ballots were counted, 
and the result is shown below: 


In favor of the adoption of the proposed 


атепайтепїз.......................... 1666 
Against the adoption of the proposed 
атепсватеп45.......................... 703 
Ват о а Tul eet vsu d AE 36 
Rejected on account ballot bearing identify- 
Ing Пате oe thd XVI WEE REA 87 
еа мени орасан Даоны 2492 


Respectfully submitted, 


GEORGE A. BAKER, Chatrman. 
RORERT Morris. 

D. M. RICE. 

Committee of Tellers. 


Annual Dinner, Pittsfield 
Section, A.I.E.E., May 4, 1911 

The fourth annual dinner of the 
Pittsfield Section, commemorating the 
twenty-fifth anniversary of the first 
commercial application in this country 
of the transformer and the alternating 
current generator, was held in the Hotel 
Wendell, Pittsfield, on May 4, 1911. 
The guest of honor was Mr. William 
Stanley, inventor of the first transformer 
used in this country, and the original 
transformer itself occupied a position on 
a small table placed near the center of 
the guest table and immediately in 
front of the toastmaster and the honored 
guest of the evening. The toastmaster 
was Professor Dugald C. Jackson, 
President of “һе American Institute of 
Electrical Engineers. Mr. Stanley was 
the principal speaker and gave an 
extremely interesting talk on the origin 
and development of the first alter- 
nating-current plant, which he pref- 
aced with a brief sketch of the status 
of the electrical engineering field as it 
appeared to him in 1833. Other 
speakers were: Mr. Charles F. Scott, 
of Pittsburg, Dr. C. P. Steinmetz, of 
Schenectady, Mr. T. C. Martin, of 
New York, Mr. E. W. Rice, of Schenec- 
tady, Dr. Elihu Thomson, of Lynn, 
Mass., Mr. Parley A. Russell, of Great 
Barrington, Mr. Frank J. Sprague, of 
New York, Mr. Frederick Darlington, 
of Pittsburg, and Mr. W. S. Moody, of 
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Pittsfield. Congratulatory telegrams 
and messages of regret were read from 
prominent engineers and educators 
from all over the country. At the 
of the addresses Mr. Stanley 
responded briefly but feelingly to the 
tributes paid him by his friends, and 
presented the transformer to the Insti- 
tute to be added to its collection for the 
historical museum. The spirit of friend- 
liness and good fellowship prevailing 
throughout the evening made the func- 
tion one of the most delightful ever 
enjoyed by the Pittsfield Section. One 
hundred and thirty-five engineers and 
electrical men were present at the ban- 
quet. 


close 


Directors’ Meeting May 
16, 1911 

The regular monthly meeting of the 
Board of Directors of the American 
Institute of Electrical Engineers was 
held at 33 West 39th Street, New York 
City, on Tuesday, May 16, 1911. The 
directors present were: President 
Dugald C. Jackson, Boston, Mass.; 
Past-President Lewis B. Stillwell, New 
York; Vice-Presidents Percy H. Thomas 
New York, W. G. Carlton, New York, 
Charles W. Stone, Schenectady, М. Ү., 
A. \. Berresford, Milwaukee, Wis., 
W. S. Murray, New Haven, Conn., 
5. D. Sprong, New York, Н. Н. Barnes, 
Jr., New York, W. S. Rugg, New York, 
C. E. Scribner, New York; Secretary 
Ralph W. Pope, New York. 

Eighty-seven applicants were elected 
to membership in the Institute as 
Associates. 

Twentv-four students were declared 
enrolled. 

The following Associates were trans- 
ferred to the grade of Member: 


DECATUR 5. MILLER, Electrical Engi- 
neer, The Connecticut Company, 
New, Haven, Conn. 

FARLEY Oscoop, General Superinten- 
dent, Public Service Electric Com- 
pany, Newark, N. J. 

BASSETT JONES, JR., Consulting Elec- 
trical Engineer, 1 Madison Avenue, 
New York. 
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SAMUEL IRWIN CROOKES, Head of 
Electrical Engineering Department, 
The Technical College, Auckland, 
М. 2. 

Н. W. FIRTH, Great Eastern Railway, 
London, England. 

REGINALD BELFIELD, Consulting Engi- 
neer, London, England. 

The names of the Associates elected 
and the students enrolled are printed 
elsewhere in this issue. 


Associates Elected May 
16, 1911 
AcEVES, JuLius, Electrical Engineer, 
Western Electric Co., 463 West St.; 
res., 1878 7th Ave., New York City. 


ADAMS, LELAND ROSE, South Eastern 
Ohio Railway Light & Power Co.; 
res., 677 Seborn Ave., Zanesville, O. 


ALLEN, SAMUEL EARLE, Assistant Elec- 
trical Engineer, B. Е. Sturtevant Co.; 
res, 103 W. Glenwood Ave., Hyde 
Park, Mass. 


ALTHOUSE, ADAM J., Superintendent, 
Birdsboro Electric Co., Birdsboro, 

‚ Ра. 

ANDREWS, ROBERT, Mechanical Епрі- 
neer, Parsons Pulp & Paper Mills, 
Parsons, W. Va. 

ARTHUR, JAMES BRAYSHAW, Instructor, 


Baltimore Polytechnic Institute; res., 
2261 Madison Ave., Baltimore, Md. 


BALDWIN, ROBERT SOUTHWICK, Elec- 
trical Engineer, 25 Broad St., New 
York City. 

BETTANIER, EUGENE L., Electrician, 


Pasadena Municipal Light Depart- 
ment; res., 989 Locust St., Pasadena, 
Cal. 


BILDT, KNUT VINCENT, Chief Engineer 
Power Plant, Luossawaan-Kuruna- 
waan Co., Kiruna, Sweden. 

BiRT, WiLLIAM RANDOLPH, Electrician, 
Telegraph Department, Southern 
Pacific Co., 1009 Flood Building; res., 
747 Haight Ave., San Francisco, Cal. 


BRODERSON, Harry P., Foreman of 
‘Testing Dept., General Electric Со.; 
res., 168 Nott Terrace, Schenectady, 
М.Ү. 
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Волл.Акр, JOHN ERVIN, Power Engineer, 
Empire District Electric Co., 414 
Joplin St.; res, 801 Jackson Ave., 
Joplin, Mo. 

CARPENTER, DAvID ELLSWORTH, Stu- 
dent, Worcester Polytechnic Insti- 
tute; res., 43 Murray Ave., Worcester, 
Mass. 

CARTER, Roy ToLEPHUSs, Electrical 
Engineer, Engineering Dept., Allis- 
Chalmers Co., East Norwood, Ohio. 

CLEARY, FRANCIS X., Advertising Man- 
ager, Western Electric Co., 463 West 
St., New York City. 

CoREY, CLAIR ELMER, Experimental 
Engineer, Emerson Electric Mfg. Co., 
2024 Washington Ave.; res., 3804 
Delmar Ave., St. Louis, Mo. 

CUNNINGHAM, RALPH EDWIN, Superin- 
tendent Electrical Distribution, 
Southern California Edison Co., 120 
East 4th St., Los Angeles, Cal. 

CUSHING, RAYMOND GUILD, Engineer, 
Westinghouse Electric & Mfg. Co., 
Boston; res., 168 Pleasant St., Stough- 
ton, Mass. 

DALGLEISH, ROBERT HAMILTON, Elec- 
trician, Capital Traction Co., 36th & 
М Streets; res., 2441 Ontario Rd., 
Washington, D. C. 

Dotson, Rusu, Electrical Draftsman, 
General Electric Co., Nevada Bank 
Bldg. San Francisco; res., 2227 
Durant Ave., Berkeley, Cal. 

Dorsey, HERBERT GROVE, Engineer іп 
. Research Laboratory, Western Elec- 
tric Co., 463 West St.; res., 201 West 
105th St., New York City. 

Пүмілхс, ARTHUR, Electrical 
neers, Schenectady, N. Y. 


Engi- 


EARLY RUPERT N., Electrical Engineer, 
Alternating Current Engincering De- 
partment, General Electric Co., 
Schenectady, М. Y. 


EpGAR, BLANCHARD COLLINS, Assistant 
Engineer, Southern Pacific Co., Flood 
Bldg.; res., 161 Ellis St., San Егап- 
cisco, Cal 

ELEND, ALBERT Harry, Electrical 
Draftsman, Union Electric Light & 
Power Co., 12th & Locust St.; St. 
Louis, Mo. 
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ERICKSON, JOHN Еруім, Sales Manager 
and Engineer, Thomas G. Grier & 
Co., 627 W. Jackson Blvd.; res., 1400 
East 53rd St., Chicago, Ш. 

FINNEY, THOMAS JOHN, JR., Electrician, 
Thorpe & Company, 44 Church St., 
Paterson, М. J. 

FISHER, Louis ARCHIBALD, Electrician, 
Board of Light & Water Commis- 
sioners, Concord, N. C. 

FORWARD, WoRTHY FRANKLIN, Wire- 
man and Repairman, Northern Cali- 
fornia Power Co., Manton, Cal. 

FosTER, BENJAMIN PERRY, Engineering 
Department, E. I. Du Pont Powder 
Co., 703 de Pont Bldg., Wilmington, 
Del. 


GEHRKENS, EDWARD FREDRICK, De- 
signing Electrical Engineer, General 
Electric Co., Pittsfield, Mass. 

GIFFORD, AUGUSTUS McKiNsTRY, Engi- 
neer of Materials, General Electric 
Co.; гез., 20 Linden, St., Pittsfield, 
Mass. 

GILCREEST, Oscar JOSEPH, 90 Hunt- 
ington Avenue, Boston, Mass. 

GLADDEN, LEON Brown, Electrical 
Engineer, Vera Cruz Terminal Co., 
Avenida Independencia No. 2, Vera 
Cruz, Mexico. 

GOODING, ROBERT FLEMING, Assistant 
Electrical Engineer, Allegheny 
County Light Co., Pittsburgh, Pa. 


GoopNow, FRANK EpWARD, Division : 


Chief Operator, North Shore Electric 
Co.; res., 4419 Racine Ave., Chicago, 
ПІ. | 


GOODWIN, FRANK HAatcsEy, Electrical 
Machinist, Southern Pacific R.R. Co.; 
res., 1216 Linden St., Oakland, Cal. 


GRANT, ARTHUR CHARLES, Superinten- 
dent, Manston Electric Service Co., 
Manston, Wis. 


GRIMM, CARL FREDRICK, Electrician, 
National Electric Lamp Association, 
4411 Hough Ave.; res., 1337 East 
89th St., Cleveland, Ohio. 

GRONINGER, JACOB ALTON, Assistant 
Chief Electrician, Atchison, Topeka 
& Santa Fe Railroad; res., 281 J 
Street, San Bernardino, Cal. 
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GUTHFAHR, WALTER, Chief Electrician, 
Compania Industrial Explotadora de 
Maderas, S. A.; res., Calle 27, Casa 
No. 71, Guaymas, Sonora, Mexico. 

Guy, GEORGE LORNE, Electrical Engi- 
neer, City Electrical Department; 
res., 385 Kennedy St., Winnipeg, 
Man. 

HACKING, JAMES PARK, Electrical Engi- 
neer, Central Maine Power Co.; res., 
11 Cool Street, Waterville, Me. 

HoGAN, JOHN L., JR., Wireless Sig- 
naling Engineer, National Electric 
Signaling Co., New York City. 

HOMMEL, Justus, Engineer, Westing- 
house Electric е Mfg. Co., East 
Pittsburg; res., 7949 Hill Ave., 
Wilkinsburg, Pa. 

JAMES, EDGAR WILMOT, Tester, General 
Electric Co., Pittsfield, Mass. 

Janowitz, ARTHUR Моге, 1459 Е. 
108th St., Cleveland, Ohio. 

KEMPER, CHARLES Ермім, Engineer, 
Pacific Tel. & Tel. Co.; res., 138 No. 
Hill St., Los Angeles, Cal. 

KENT, CHARLES WILLIAM, Erecting 
Engineer, Canadian General Electric- 
Co., 212 King St., W., res., 32 Emer- 
son Ave., Toronto, Ont. 


KING, EDWIN VANDERWOORT, Electric 
Inspector, West Virginia Inspection 
Bureau, Coyle & Richardson Bldg., 
Charleston, W. Va. 


KLAUBER, LAURENCE MONROE, New 
Business Dept., San Diego Consoli- 
dated Gas and Electric Co.; res., 30th 
and E Sts., Sun Diego, Cal. 


KLIESRATH, VICTOR WILLIAM, Chief 
Engineer, Bosch Magneto Co., 223 
West 46th St., New York City. 

KNOWLTON, Ерсав, Electrical Engi- 
neer, General Electric Co., Bldg., 
No. 56; res., 310 Lenox Road, Schen- 
ectady, N. Y. 


LAWRENCE, HOWARD B., Superinten- 
dent Power Station, Nashawaug Elec- 
tric Power Co., Plainfield, Conn. 


LAWTON, ROBERT BLANCHARD, Opera- 
tor in Charge, Hydraulic Generating 
Station, Pacific Light & Power 
Corp'n., Azusa, Cal. 
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LINDSEY, CECIL WILLIAM BRABAJON, 
Electrical Operator, Pacific Light & 
Power Corporation; res., 3601 Mis- 
sion Road, Los Angeles, Cal. 


LYERLY, CHARLES ABNER, JR., Assist- 
ant Superintendent, West Construc- 
tion Co.; res., 501 Oak St., Chatta- 
nooga, Tenn. 

MARKHUS, О. С. F., General Manager, 
Іааһо-Огероп Light & Power Co.; 
res., 919 North 18th St., Boise, Idaho. 


MARTIN, EDWARD FRANCIS, Electrical 
Draftsman, Engineering Dept., New 
York Edison Co., 55 Duane St., New 
York City. 

McALLISTER, DANIEL HANDLEY, As- 
sistant General Superintendent of 
Operation, Telluride Power Co., Provo, 
Utah. 

МсСстснам, HENRY CHESTER, Sales 
Engineer, Holabird-Reynolds Elec- 
tric Co., 218-220 East 3rd St., Los 
Angeles, Cal. 

McKEARIN, JAMES Patrick, General 
Electric Co., 84 State St., Boston; 
res., 195 Harvard Street, Cambridge, 
Mass. 

McKEE, ROBERT A., Ерпріпсег-іп- 
Charge, Steam Turbine Dept., Allis 
Chalmers Co.; res., 2325 Grand Ave., 
Milwaukee, Wis. 

MENGARINI, GUGLIELMO, Professor of 
Elektrotechnik, University of Rome, 
Rome, Italy. 

OLSsON, MARTIN, Emerson Electric 
Manufacturing Co.; res., 4727 Laba- 
die Ave., St. Louis, Mo. 

O'NEILL, THOMAS FRANCIS, Electrical 
Engineer, Pennsylvania Railroad Co.; 
res., 1236 16th Ave. Altoona, Pa. 

OsTROM, WELLINGTON Ross, Secretary 
and General Manager, Electric In- 
stallation Co., Ltd., Belleville, Ont. 


PATON, GEORGE KINNAIRD, Chief Engi- 
necr, North Wales Power & Traction 


Co.; res, Llwyn Celyn, Llanberis, 
North Wales. 
PEASE, Epson RayMonn, Draftsman, 


Western Canada Power Co.; res., 934 
Thurlow St., Vancouver, B. С. 
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Prior, ROBERT, Electrical Engineer, 
Noman's Land, Fort Portsmouth, 
England. 

REID, ARTHUR, Süperintendent Engi- 
neer, City of Lethbridge, Alberta. 
ROBBINS, JOHN FREELAND, Sales Engi- 
neer, The American Oxhydric Co.; 
res., 1237 Greenficld Ave., Milwau- 

kee, Wis. : 

ROBINSON, WILLIAM С., Electrical Епрі- 


neer, Allis-Chalmers Со.; res., 94 
19th St., Milwaukee, Wis. 
Ross, CaRLos FEDERICO, Electrical 


Engineer, Costa Rica Electric Light 
& Traction Co., Ltd., San Jose, Costa 
Rica, C. A. 

SIDLEY, WILLIAM PRATT, Vice Presi- 
dent, Western Electric Co., 500 S. 
Clinton St., Chicago, ПІ. 


SMITH, GLEN EDWARD, Assistant Іп- 
structor in Electrical Enginecring, 
University of Wisconsin; res., 403 
Murray St., Madison, Wis. 

STEWART, HOWARD RACE, Mining Engi- 
neer, 11 Campau Bldg.; res., 38 Joy 
St., Detroit, Mich. 

SWEGER, CHARLES, Chief Electrician, 
Matthiessen & Hegeler Zinc Co.; res., 
648 6th St., La Salle, Ш. 


TANNER, DE WITT CLINTON, General 
Patent Attorney, Western Electric 
Co., 463 West St., New York City. 


TAYLOR, CHARLES BURR, JR., Assistant 
Foreman, Electrical Drafting Dept., 
` Allis-Chalmers Co., Milwaukee, Wis. 


TRENNER, WILLIS H., Superintendent 
Idaho-Oregon Light & Power Со.; 
гез., 303 No. 12th St., Boise, Idaho. 

ULLRICH, ANTON, Engineering Appren- 
tice, Westinghouse Electric & Mfg. 
Co., Pittsburg; res., 232 West Swiss- 
vale Ave., Swissvale, Pa. 

WALLACE, FRANK Bor biNc, Chief Elec- 
trician, Kirby Lumber Co., Houston, 
Texas. 

WARNECKE, CARL MARIE, Assistant 
Electrical Engineer, Pacific Electric 
Co., Los Angeles; res., Sherman, Cal. 

WrpGWwOOD, EDSON GORDON, Electri- 


cian, Sacramento Valley Power Co., 
Chico, Cal. 
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WELSH, GEORGE WILLIAM, Assistant 
Engineer, Electrical Dept., Southern 
Pacific Co., Room 1110 Flood Bldg., 
San Francisco, Cal. 

WENDELL, RAYMOND B., Assistant Chicf 
Electrician, North Shore Electric 
Co.; res, 6530 Lexington Ave., 
Chicago, Ш. 


Applications for Election 

Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in 
the Institute as These 
applications will be considered by the 
Board of Directors at a future mecting. 
Any Member or Associate obiecting to 
the election of any of these candidates 
should so inform the Secretary before 
June 26, 1911. 


10444 Chamberlin, H. B., Chicago, Ill. 
10445 de Barros, D. D., Sao Paulo, Brazil. 
10446 Denman, B. J., Detroit, Mich. 
10447 Gross, J. H., Baltimore, Md. 
10448 Kennedy, S. M., Los Angeles,Cal. 
10449 Klett, E. 1... Buenos Aires, А. В. 
10450 Linton. T., Turbine, Ont. 
10451 MacNider, J. S., Shanghai, China 
10452 Clifford, E. P., New York City. 
10453 Hagerman, J. DeW., Toronto,Ont. 
10454 Holmes, R., Montreal, Que. 
10455 Scott, S. M.. New York City. 
10456 Wallace, C. J., Detroit, Mich. 
10457 Wood, C. P., Atlanta, Ga. 
10458 Dewey, Н. H., Schenectady, N.Y. 
10459 Edwards, J. D., Venice, Ill. 
10460 Ewing, D. D., Ada, Ohio. 
“10461 Fleager, C. E., San Francisco,Cal. 
10462 Lytle, B. H., Pittsburg, Pa. 
10463 Mathews, H., Clifton, Arizona. 
10464 Staats, E. P., New York City. 
10465 Veuve, E. L., Los Angeles, Cal. 
10466 Walker, C. P., Washington, D. C. 
10467 Ward, B. D., Glenwood Sprgs., 
Colo. 
10468 Barnes, S. W., Kansas Citv, Mo. 
10469 Cole, T. R., Sherman, Texas. 
10470 Jaqua, C. A., Indianapolis, Ind. 
10471 Overton, T. R., Dunedin, N. Z. 
10472 Richards, H., Jr., New York City. 
10473 Lee, C. E., Pittsfield, Mass. 
10474 Bowdle, J. W., San Diego, Cal. 
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10475 Crosby, G. L., Pittsburg, Pa. 
10476 Armbrust, G. M., Chicago, Ill. 
10477 Fort, W. L., New York City. 
10478 Harvey, S. G., Orange, N. J. 
10479 Wood, C., Hampton, Va. 
10480 Hopkins, E. M., La Grange, Ill. 
10481 Ames, W. E., Chicago, Ill. 
10482 Krumbiegel, K., Lauchhammer, 
Ger. 
10483 Bartlett, F. J., Lincoln, Neb. 
10484 Ball, J. D., Schenectady, N. Y. 
10485 Buntley, H. H., New York City. 
10486 Huhn, C. G., Williamstown Junc- 
поп, М. J. 
10487 Means, C. M., Punxsutawney,Pa. 
10488 Nims, D. E., Kansas City, Mo. 
10489 Barry, J. M., Sacramento, Cal. 
10490 Bull, A. C., Chicago, Ill. 
10481 Colman, W. H., Park Ridge, Ill. 
10492 Davenport, F. B., Atlanta, Ga. 
10403 Glafke, C. C., San Francisco, Cal. 
10494 Kellogg, E. W., Columbia, Mo. 
10405 Pizzini, J. A., New York City. 
10496 Player,G.P., Oklahoma City,Okla. 
10497 Rith, C. H., Chicago, Ill. 
10498 Somers, R. H., Ft. Hancock, N.J. 
10499 Wright, O. C., Ft. Wayne, Ind. 
10500 Jones, B. B., Toronto, Ont. 
10501 Lewis, D. M., Rochester, N. Y. 
10502 Teele, W. R., Scotia, №. Y. 
10503 Bell, W. C., Vallejo, Cal. 
10504 Mizuno, S., New York Citv, 
10505 Okamoto, T., Nagova, Japan. 
10506 Pingrev, F. М., Pittsburg, Pa. 
10507 Shaver, G. W., Oakland, Cal. 
10508 Rogers, C. E., Oakland, Cal. 
10509 Baird, L. S., Cleveland, O. 
10510 Campbell, J. J., Montreal, Que. 
10511 Iremonger, À. C., Shawinigan 
Falls, Canada. 
10512 Marshall, J. J., Oakland, Cal. 
10513 Marcy, F.E., Salt Lake City, Utah. 
10514 Tallman, P. B., New York City. 
10515 Dietz, C. L., Milwaukee, Wis. 
10516 Dunlop, A., Washington, D. C. 
10517 Hecker, G. C., Pittsburg, Pa. 
10518 Hemphill, К. W.. Jr., Ann Arbor. 
10519 MacDiarmid,A.A., Montreal,Que. 
10520 Niemann, E., New York City. 
10521 Thompson, W. J.. Phila., Pa. 
10522 Walbridge, J. T.. Chicago, Ш. 
10523 Atkinson, E. S., Indianapolis, Ind. 
10524 Birely, К. M., New Orleans, La. 
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10525 Curphey, J. A., Montreal, Can. 
10526 Gleason, R. R., Chicago, Ill. 
10527 Jonason, B. A., Boston, Mass. 
10528 Mould, E. F., Cleveland, Ohio. 
10529 Schacffer, G. H., Reading, Pa. 
10530 Sheppard, C. C., Fort Hancock, 
N. J. 

10531 Case, H. T., Schenectady, N. Y. 
10532 Mills, E. A., Dewsbury, Eng. 
10533 Moray, A. F., Trenton, Ont. 
10534 Norman, C. M., Chicago, Ill. 
10535 Stearns, J. E., Brooklyn, N. Y. 
10536 Wagner, E. B., Wilkes-Barre, Pa. 
10537 Almert, H., Chicago, Ill. 
10538 Low, F. Y., Chicago, lll. 
10539 Dover, E., Chicago, Ill. 
10510 Bird, P. P., Chicago, Ill. 

Total, 96. 


Recommended for Transfer 

The following Associates were recom- 
mended for transfer by the Board of 
Examiners at its regular monthly meet- 
ing held on Мау 16, 1911, and the names 
of the applicants will be presented to 
the Board of Directors for final action 
in regular course. Any objection to 
the transfer of any of these Associates 
should be filed at once with the Secre- 
tary. 


ORIN B. COLDWELL, General Superin- 
tendent, Light and Power Depart- 
ment, Portland Railway, Light and 
Power Company, Portland, Oregon. 

Lucius B. ANpRvs, General Superin- 
tendent and Electrical Engineer, 
Indiana and Michigan Electric Com- 
pany, South Bend, Ind. 

MILTON W. FRANKLIN, Power and 
Mining Department, General Electric 
Company, Schenectady, N. Y. 


Students Enrolled May 
16,1911 
4418 Van Atta, R. S., Ohio State Univ. 
4419 Holmes, C. R., Univ. of Toronto. 
4420 Jarbox, F. G., Ohio State Univ. 
4421 Palmer, C. G., Univ. of Texas. 
4422 Klapp, J. B., Penn. State Coll. 
4423 Ziehn, R. S., Lewis Institute. 
4424 Van Valkenburgh, А. R., Lewis 
Institute. 


4425 Kellar, A. D., Univ. of Wisconsin. 
4426 Schuler, C. R., Armour Inst. Tech. 
4427 Armstrong, G., Armour Inst. Tech. 
4423 Martin, W. G., Armour Inst. Tech. 
4429 Schmidler, H. W., Kansas State 
Agr. Coll. 

4430 Harrington,H.A., Jr.,Case School. 
4431 Luther, J. G., Montana State Coll. 
4432 Olmsted, C. S., Syracuse Univ. 
4433 Hazen, F. G., Armour Inst. Tech. 
4434 Cohen, I., Armour Inst. Tech. 
4435 Burbeck,P.J.,New Hampshire Coll. 
4436 Quimby, W. H., New Hampshire 


Coll. 
4437 Bunker, L. L. H., New Hampshire 
Coll. 


4438 Gove, W. A., New HampshireColl. 
4439 De Meritt, S., New Hampshire Coll. 
4440 Lindberg, W. A., Armour Inst. Tech. 
4441 Strong, P. A., Armour Inst. Tech. 


Total, 24. 


Annual Meeting of Chemical 
Engineers, Chicago, 111., 
June 21-24, 1911 

The American Institute of Chemical 
Enyinecrs will hold its third semi-annual 
meeting in Chicago, Ill., from June 21 
to 24, 1911, with headquarters at 
Congress Hotel, where the technical 
sessions will be held. Тһе meeting will 
open on Wednesday, June 21, at 10 a.m., 
and the final business session will be 
held at 9:00 a.m., Saturday, June 24. 
An elaborate program has been pre- 
pared comprising a large number of 
technical papers on various chemical 


engineering subjects and excursions to ` 


industrial chemical plants in the vicinity 
of Chicago. The members of the local 
committee having charge of the ar- 
rangements for the meeting are as 
follows: А. Bement, chairman, P. С. 
Brooks, secretary and treasurer, Oscar 
Linder, and T. G. Wagner. Full in- 
formation regarding the meeting may be 
obtaincd on application to the Secretary 
of the American Institute of Chemical 
Engineers, Polytechnic Institute, Brook- 
lyn, М. Y., or to А. Bement, chairman, 
local committee, 206 South La Salle 
Street, Chicago. 
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Past Section Meetings 
BALTIMORE 


Dr. C. P. Steinmetz was the guest 
and speaker at the meeting of the Balti- 
more Section held in the physical labora- 
tory of the Johns Hopkins University, 
Baltimore, on Friday evening, April 
12. There was an audience of 121 
members and visitors. Dr. Steinmetz 
gave a lecture on ' Recent Advances in 
Electrical Engineering." The lecture 
was followed by a discussion. 


The final meeting of the Baltimore 
Section for this season was held in the 
physical laboratory of the Johns Hop- 
kins University on Wednesday evening, 
May 10. Mr. Brainard Dyer, of the 
National Carbon Company, presented 


. a paper on '' The Manufacture and Use 


of Carbon Products." Тһе paper was 
illustrated with lantern slides, and was 
followed by an extended discussion. 


BOSTON 


А special meeting of the Boston 
Section was held at the Massachusetts 
Institute of Technology on May 6. 
Dr. Harold Pender and Mr. H. F. 
Thomson presented a paper entitled 
“Transmission Line Graphics”, in 
which the authors presented some very 
ingenious methods of solving graphi- 
cally both the mechanical and electrical 
problems of transmission lines. Prior 
to the meeting the members were in- 
vited to visit the laboratories, and at 
six o'clock a dinner was served at 
Technology Union. 


The final meeting of the Boston Sec- 
tion was held on May 17, jointly with 
the Boston branch of the American 
society of Mechanical Engineers and 
the Boston Society of Civil Engineers. 
A paper entitled ‘‘ The Electric Motor 
іп the World's Work ” was presented 
by Mr. Fred M. Kimball, manager of 
the small motor department of the 
General Electric Company. 


CLEVELAND 

The regular monthly meeting of the 
Cleveland Section was held on Monday 
evening, April 17, in the Chamber of 
Commerce Building, Cleveland. Тһе 
subject of the evening was ''Power 
Factor", which was very ably dis- 
cussed by Mr. J. E. Fries, of the 
Crocker-Wheeler Company, Ampere, 
N. J., and Mr. H. L. Wallau, of the 
Cleveland Electric Illuminating Com- 
pany. 

Mr. Fries dealt with the subject both 
from the theoretical standpoint and in 
respect to its effect in the design of 
induction motors, alternators, trans- 
mission lines, etc., as well as the econo- 
mies that could be brought about by 
proper consideration of this important 
matter. 

Mr. Wallau discussed the effect of 
power factor from the central station 
point of view, showing where great 
improvement had been made as the 
result of the introduction of synchronous 
condenser apparatus. 

In the absence of Chairman Allen, 
the meeting was presided over by Pro- 
fessor H. B. Dates, who appointed a 
nominating committee to report at the 
next meeting their selection of officers 
for the ensuing vear. 


IrHACA 

The meeting of the Ithaca Section 
held on April 14 was devoted to a de- 
bate on the following proposition: 
Resolved: That between Victoria Falls 
and the Rand in South Africa a con- 
stant current direct-current transmis- 
sion system is preferable to a constant 
voltage three-phase alternating-current 
system. Prior to the debate Mr. J. C. 
McCune presented a resumé of the 
conditions under which the plant would 
be designed to operate, including the 
height and amount of water, estimated 
maximum and minimum power avail- 
able for Victoria Falls, the length of 
line, character of country to be tra- 
versed, and the magnitude and character 
of the power demand at the Rand. 

The speakers for the affirmative 


108 


were: Messrs. M. Frankel and R. A. 
Steps; for the negative, Messrs. Е. Н. 
Swift and С. S. Coler. Each side 
spoke for 25 minutes, and was allowed 
five minutes time in rebuttal. Тһе 
judges were Professors Everett, Norris 
and Ford. Тһе decision was two to 
one in favor of the negative. 


Mapison, Wis. 

The Madison Section held its regular 
meeting on May 2, in the engineering 
building of the University of Wisconsin. 
About 60 members and visitors were 
present. The subject of the meeting 
was '' The Panama Canal". The geo- 
graphical formation of the Canal Zone 
and the many problems met and solved 
in the construction of the canal were 
considered іп two interesting papers. 
Many points of interest were also 
brought out in the discussion. which 
followed. 

In the first paper, “ The Geography 
of the Panama Canal Zone ", by Mr. 
R. W. Simons, the author explained, 
by means of maps and drawings, the 
geographical features of the country 
through which the canal passes, and 
some of the natural problems which 
have arisen in connection with the con- 
struction of the canal. Mr. Simons 
explained why it was finally decided 
to have a lock canal instead of a sea 
level canal. 

In the second paper, “ The Design 
of the Gatun Power Plant ", Mr. W. К. 
Woolrich discussed the electrical and 
mechanical difficulties met in the design 
and construction of the Gatun power 
plant, locks, and dam. This paper was 
in part an abstract of a thesis written 
bv Мг. Edward Schitdhauer, chief 
mechanical and electrical engineer for 
{һе Panama Сапа! Commission, and 
dealt in detail with the design of the 
apparatus used in handling machinery 
and supplies for the various kinds of 
construction. work. 

The discussion. of the papers was 
led by Professor Daniel W. Mead, of the 
department of hydraulic engineering, 
and Professor W. D. Pence, of the dc- 
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partment of railway engineering, both 
of whom have recently returned from 
an inspection of the canal. 


MILWAUKEE | 

The regular meeting of the Milwaukee 
Section was held in the Plankinton 
House, Milwaukee, on April 12, in 
cooperation with the Engineers’ Society 
of Milwaukee. The following papers 
were presented:  '' Electrically Oper- 
ated Coal and Ore Unloading Ma- 
chinery ", by Mr. E. T. Foote, “ Elec- 
trically Operated Coal and Ore Docks ”, 
by Mr. T. S. Watson, and “А Flywheel 
Load Equalizer", by W. М. Motter 
and L. L. Tatum. About 110 members 
and visitors were present. 

Mr. Foote's paper dealt particularly 
with the improvement in operating con- 
ditions of coal and ore bridges obtained 
by the adoption of motors in place of 
steam engines, thus permitting the use 
of the so-called man trolleys, which 
allow the operator to follow the bucket 
and more accurately observe its work- 
ing. Data were given às to usual 
practice іп hoisting speeds and trolley 
speeds of coal and ore bridges. Specific 
cycles of operation, that is, time of 
acceleration, hoisting, opening, lowering 
and digging were also given for certain 
specific instances. 

Mr. Watson's paper dealt with a 
specific form of bridge where counter- 
weight is used nearly offsettinp the 
weight of the basket and thereby 
materially reducing the size of hoisting 
motors. On this form of bridge the 
motors are usuallv stationary on one 
bridge, thereby materially reducing 
the weight of the man trollev, while 
тапу of the features claimed for the 
man trolley are retained. Reducing 
the weight of the trolley naturally 
reduces the weight of the entire bridge 
very materially. 

Mr. Tatum stated the type of load 
usually prevailing on coal and ore docks, 
showing graphical curves of the peaks, 
and describing a specific. installation 
where an idle direct-current motor driv- 
ing а flywheel was floated across the 
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supply line with a special controller, 
causing the idle motor to act as а com- 
pound generator when the, supply 
current exceeded а predetermined 
amount. Тһе curves also showed the 
equalizing effect thus obtained. The 
dock current fluctuated rapidly from 
zero to 1,600 amperes at 500 volts, 
while the supply current remained fairly 
constant between the limits of 250 and 
600 amperes. Instances меге given 
of the current savings obtained by thus 
reducing the maximum demand, and 
specific current rates were applied to 
the curves shown. 


At the joint meeting held on May 10, 
Professor А. G. Christie, of the Uni- 
versity of Wisconsin, presented a paper 
on “ European Developments of Prime 
Movers ", which was illustrated with 
many slides obtained on a recent visit 
to European shops and power houses. 
Boilers were first discussed and special 
attention was given to some vertical 
types developed especially for burning 
low grade powdered coals injected into 
the furnace by an air blast. Auxiliaries 
were next discussed and the prime 
movers themselves last. Several tv pes 
of turbines were shown and tabulated 
data as to performance was given. 
Professor Christie concludes from the 
study of these tables that the coming 
most efficient form will be one using a 
Curtis stage for the first expansion 
with the Parsons or some modified 
similar type tor the further expansion. 
The performance and general use of the 
Diesel engine were mentioned and from 
foreign experience this type of engine ts 
expected to take a prominent. place. 
The Wolf locomobile engine, having 
boiler, engine and auxiliaries all built 
together as onc unit, was shown, and 
some уегу good record performances 
noted. Тһе Stumf uni-flow engine and 
performance records were shown, and 
the claim was made that this tvpe 
seemed to have a large field open to it. 
Professor Christie was impressed with 
the unique forms and developments 


met in Europe, but was much disap- 
pointed. with. general shop conditions 
and equipment, claiming that in this 
respect Europe in general seemed be- 
hind America.. About 70 members 
were present at the meeting. 


MINNESOTA 

The Minnesota Section held its 
regular meeting at the Ryan Hotel, 
St. Paul, on the evening of April 17. 
Forty-three members were present. 
A paper on ''Surges in High Tension 
Lines” was presented by Professors 
William T. Ryan and W. J. Finke, and 
was discussed by Messrs. H. 5. Whiton 
and F. А. Otto. Mr. J. Houghtalling 
then read a paper on “ Railway Tele- 
phony ", which was discussed by Mr. 
J. €. Rankine. 


PHILADELPHIA 

A meeting of the Philadelphia Sec- 
tion in cooperation with the Electrical 
Section of the Franklin Institute was 
held on Мау 8, with Dr. George A. 
Hoadley presiding, and a total at- 
tendance of 125 members of both or- 
ganizations. Two papers were pre- 
sented as follows: ‘ Electricity Supply 
for Heavy Railroad Operation ", by 
F. Darlington, and “ Curves of Locomo- 
tive Progress ", by б. M. Eaton. The 
papers were discussed by Messrs. 
Henderson, Ehle, Campbell, Wood and 
Calvin. 


PITTSBURG 

The Pittsburg Section held its third 
annual banquet on Saturday evening, 
April 22, at the Rittenhouse, Pittsburg. 
About 190 members and their friends 
took ajlvantage of the opportunity for 
extending their acquaintanceship. After 
the service of the dinner, Chairman 
Muller made a short address introducing 
the toastmaster of the evening, Mr. 
Charles F. Scott, past-president of the 
Institute. Toasts were responded to 
as follows: “Тһе Engineer of the 
Future ", by Col. H. С. Prout; “Тһе 
American Institute of Electrical Engi- 
neers '', by President Dugald С. Jack- 
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son; “А Word in Due Season ", by 
Rev. J. Leonard Levi, D.D.; ''In- 
dustrial Opportunities ", by Dr. Robert 
Kennedy Duncan. 


PITTSFIELD 

At the regular monthly meeting of 
the Pittsfield Section held on April 20, 
Mr. С. A. Orrok, chicf mechanical engi- 
neer of the New York Edison Com- 
pany, gave a talk on ‘ Power Station 
Design." Мг. Orrok, who has traveled 
extensively in order to studv the latest 
developments in power station design, 
confined his remarks chiefly to steam 
driven plants. Не showed, by means 
of lantern slides, photographs of some 
of the New York Edison power stations 
of 25 years ago, and those in operation 
to-day. The speaker gave a somewhat 
detailed account of the equipment of 
the New York Edison Company's 
power stations, the maximum load for 
which is 159,000 kilowatts. The great- 
est strain these stations must stand 15 
the sudden loads thrust upon them 
when a thunder storm or snow-squall 
suddenly darkens the city. At such 
times the load may increase 50,000 kw. 
in five minutes, or at the rate of 10,000 
kw. per minute. 

The various methods of coal and ash 
handling were discussed. Тһе best 
method of coal handling is one in which 
the coal cars are run over the coal 
hoppers, from which it is carried by 
gravity into the automatic stoker and 
fed into the boilers. Тһе best method 
of ash handling resembles a vacuum 
cleaning system, any size of clinker 
being handled up to the size of an ordi- 
nary brick. 

The lecture was given in the Wendell 
Hotel and was preceded by an informal 
dinner with the speaker as guest of 
honor. 


PORTLAND, OREGON 
The Portland Section held its regular 
meeting in the assembly hall of the 
Electric Building, Portland, on the 
evening of April 18. А paper was pre- 
scented by Мг. H. M. Friendly, оп 


“ Multiplex and Composite Telephony” 
The paper dealt with the various types 
of telephones and telephone patents 
from 1882 to the present date. Mr. 
Friendly also gave his personal сх- 
perience with the use of phantom 
circuits and showed why they become 
a money producer for the telephone 
company. He also spoke of his ex- 
perience in connection with the inter- 
ference of high tension, wireless, and 
arc light circuits with telcphone opera- 
tion. Twenty-four members were 
present. 


oT. Louis 

The sixty-fourth regular mecting of 
the St. Louis Section was held in the 
engineers’ Club, St. Louis, on April 12. 
The subject of the evening was a paper 
Бу Mr. W. Gutmann, entitled “ The 
Influence of our Patent Laws on In- 
dustrial Conditions." А strong plea 
was made for greater protection for the 
American inventor by having a special 
court embracing the whole United 
States, which at present is divided into 
nine courts, and that a special commis- 
sion should be appointed to assist the 
judge in determining the merits of a 
patent so that the claims could quickly 
be settled and justice be given to the 
one to whom justice is due. It was 
pointed out that at the present time a 
patent might be held valid by one court 
and invalid by another, in which case 
it could be manufactured and sold in 
one district, virtually meaning that it 
could be resold in any part of the United 
States without interference. Ап earn- 
est discussion followed the paper. At 
the close of the discussion it was voted 
that resolutions should be transmitted 
to President Taft to urge Congress to 
create a permanent commission or de- 
partment of supervision of patents, 
copyrights and trademarks to protect 
from loss, inventors, owners of patents 
and their stockholders. А motion was 
carried that a copy of the resolutions 
to the president should also be sent 
to the Sections of the А. I. E. E. and 
also the engineering societies of St. 
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Louis, with the request that they take 
similar action. 


The annual meeting of the St. Louis 
Section was held оп Мау 10, in Lippe's 
restaurant, where dinner was served 
to 21 members and guests at 7 p.m. 
After dinner the members of the 
executive committee were elected. This 
being the first election under the Sec- 
tion's new by-laws, three members 
were elected for two years, and two 
members for one year. The three- 
year members are: Messrs. С. W. 
Lamke, Е. J. Bullivant and J. А. 
Kraeuchi. The two-year members are: 
Messrs. J. H. Brunniga and S. N. Clark- 
son. Тһе election of officers was fol- 
lowed Бу the report of the Secretary 
for the year, with suggestions for the 
ensuing year. Тһе meeting then ad- 
journed until September. 


SEATTLE 

The regular meeting of the Seattle 
Section was held in the Central Build- 
ing, Seattle, on April 15. The member- 
ship committee reported having re- 
ceived eight applications for local mem- 
bership, all from members of the engi- 
neering department of the Seattle 
Electric Company. Mr. Magnus T. 
Crawford was elected delegate to repre- 
sent the Seattle Section at the Pacific 
Coast Meeting in Los Angeles. After 
the disposal of several other business 
matters, Mr. T. A. Hoag, of the Seattle- 
Tacoma Power Company, presented a 
paper on “ Rates for Electric Service.” 


TOLEDO 

Professor C. L. de Muralt, of the 
electrical engineering department of 
the University of Michigan, gave a 
talk on “ Electrification of Railways ” 
before the members of the Toledo 
Section at their regular monthly meet- 
ing on May 5. Тһе talk was illustrated 
with lantern slides. Pictures were 
exhibited showing the features of the 
various types of motor cars in operation. 
The early form of New York Central 


motor had the armatures mounted on 
the axle and the fields spring carried 
on the frame. Another type was gear 
driven. The more recent practice, both 
European and American, has a crank 
and connecting rod to group the sets of 
drive wheels, the motor being placed in 
various adjustments, usually quite 
low down in European practice, and 
more nearly in position with the deck 
of the cur in American practice. The 
European installations are generally of 
the three-phase type, taking power from 
two trolley wires with the ground. Іп- 
stead of the elaborate structural steel 
suspension for trolley wires as adopted 
by the New York, New Haven and 
Hartford Railroad, the European prac- 
tice is of much lighter construction, gas 
pipe being used for the poles and spacers 
between the poles. Instead of copper 
bonding, the fish plates and their con- 
tacts are faced off and a non-corrosive 
introduced. 


ToRoNTO 

Dr. C. P. Steinmetz was the guest 
of the Toronto Section at its meeting 
held on May 5. The meeting was held 
in the Chemistry and Mining Building, 
University of Toronto, and about 120 
members and visitors were present. 
Dr. Steinmetz delivered an address on 
“ Transient Phenomena іп Electric 
Circuits." 


URBANA, ILL. 

A mecting of the Urbana Section 
was held in the electrical building of 
the University of Illinois on May 11. 
Thirty-five members were present. А 
paper was presented by Professor 
Morgan Brooks and Мг. Н. М. Turner, 
on ‘Inductance of Coils". Several 
years ago Professor Brooks and Mr. 
M. K. Akers began experiments on a 
method for synchronizing alternators 
by means of a series reactance which 
should limit the current and give it the 
proper phase relations to produce the 
highest synchronizing torque. "They 
found that a coil containing an iron 
core was not suitable for this purpose. 
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This led to experiments with air cored 
coll. About this time the U. S. 
Bureau of Standards issued several 
bulletins on inductance formulas and 
methods of measurement, but none of 
these were applicable to treatment by 
engineering methods. After consider- 
able mathematical and = experimental 
investigation, Professor Brooks derived 
an empirical formula for the inductance 
of coils of any shape from a long solenoid 
to a single turn of wire. By the use of 
this formula he was able to compute the 
dimensions of coils for maximum in- 
ductance for a given amount of wire 
and the size of a coil and amount of ire 
required fora given inductance. Numer- 
ous coils were built and checked by 
measurement with the values computed 
by the formula. In this latter work he 
was assisted by Mr. Н. М. Turner, а 
senior student, who chose this investiga- 
tion as the subject for his senior thesis. 
Upon the return of Professor Brooks 
from his trip around the world he and 
Mr. Turner again took up this problem 
seeking to study the formula so as to 
introduce a little more refinement into 
its make-up. They have been able to 
make the formula accurate to the same 
degree as the mechanical measurements 
of dimensions of coils and wire may be 
made. They have also plotted a series 
of useful curves giving the value of 
inductance from апу one of several 
dimensions, and the length, or weight of 
wire of given sizes as well as coil di- 
mensions for a given inductance and 
thickness of insulation. These curves 
will enable the engincer to design a 
reactance for a given specification by 
simply referring to the curves. 

The paper is timely, since the large 
coreless reactance is just now coming 
into quite extensive use in limiting 
the short circuit. current and stresses 
in turbo-alternators and will soon be 
adopted for the protection of large 
apparatus in general from accidental 
surges. These reactances аге also 
useful in the parallel operation of distant 
stations on tlie same system giving the 
machines greater synchronizing power. 
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Following the paper, Mr. A. C. 
Hobble gave an illustrated lecture on 
“ Hydroelectric Developments in South- 
ern India". Mr. Hobble was con- 
nected for several years with the 
Cauvery River Hydroclectric Power 
Scheme, and is now taking graduate 
work in the electrical engineering de- 
partment at the University of Illinois. 
He threw upon the screen many pic- 
tures of this interesting development. 
Except for the costumes of the work- 
men and the stvle of the architecture 
on some of the buildings one would 
think he was looking at a similar de- 
velopment in this country since Ameri- 
can electrical apparatus 15 used through- 
out. 


WASHINGTON, D. C. 


The annual meeting of the Washing- 
ton Section was held on May 9, and 
the following and executive committee 
were clected to serve from August 1, 
1911 to July 31, 1912: 


Chairman, Earl Wheeler, (reélected.) 
Secretary, Н. B. Stabler, (reélected.) 
H. C. Eddy (reélected). 

William H. Rose, (reélected). 

M. W. Buchanan, (reélected). 

John H. Finney, 

J. H. Hanna. 


The annual report of the secretary 
indicated that the affairs of the Section 
are in а healthful and thriving con- 
dition, the average attendance at the 
meetings held during the year being 
more than double what it was during 
either of the two preceding years. 
There has been a gratifying gain in 
membership, the report showing the 
following enrolment at the present 
time: 


Members and Associates.... 78 
Student Members............ 7 
Local Members..............107 


Following the election of officers 
there was an extended discussion of 
Institute and Section matters and plans 
were outlined for an active year com- 
mencing next October. 
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Past Branch Meetings 


UNIVERSITY OF ARKANSAS 

The University of Arkansas Branch 
held its regular monthly meeting on 
April 26. The following papers were 
presented: “Тһе Telephone and the 
Western Electric Company ", Бу Mr. 
5. B. Graham. Mr. Graham graduated 
from the electrical department of the 
Arkansas University, class of ' 10, and 
for thelast year has been with the West- 
ern Electric Company. “ Electric 
Developments in the South ”, by George 
Westinghouse, abstracted by Mr. Н. 5. 
Bagley; Abstract of the Institute paper 
on “ Electricity in the Lumber In- 
dustry ", by Edward J. Barry, published 
in the April PROCEEDINGS, abstracted 
bv Mr. Т. M. Northum; “ Track Bond- 
ing for Block Signal Work ’’, by Mr. F. 
Oneal. 


The next regular meeting was held 
on May 10. Тһе program for the 
evening was as follows: Abstract and 
discussion of Institute paper by O. H. 
Ensign and J. M. Gaylord, on “ Trans- 
mission Applied to Irrigation "', printed 
in the April PRockEEDbINGs. “ Block 
Signals on the Pennsylvania Lines ”, 
by H. C. Lumberton, read by Mr. L. В. 
Cole; ‘Operation of Electrical Ap- 
paratus ",by M. F. Smith; “ Commer- 
cial Electricity ", Бу Professor W. B. 
Stelzner. In his paper Professor Stelzner 
gave a gencral review of the present 
applications of electricitv in 1ts many 
fields. "The paper also brought forth 
the subject of standardization of prices 
for power, which Professor W. N. 
Gladson discussed at some length. 


ARMOUR INSTITUTE OF TECHNOLOGY 
The regular meeting of this Branch 


was held on April 27, and was addressed 


by Mr. Tracy W. Simpson, on “Тһе 
Engineer in Manufacturing." Mr. 
Simpson's main purpose was to show 
how the engineers, by an application 
of technical knowledge and proper 
organization, could increase the effi- 
сїепсу and economy in a great number 
of the manufacturing plants of the 


present day. Several illustrations were 
given showing the savings that had been 
effected by scientific management. 


COLORADO STATE AGRICULTURAL 
COLLEGE 

This Branch held tts regular meeting 
in the electrical hall of the university 
on May 3. The program consisted of 
two papers; one by Mr. A. A. Catlin, 
on ‘Indirect Lighting”, and the 
other a review of the paper by John C. 
Parker, on “ Fixed Costs іп Power 
Plant Operation ", published in the 
March PROCEEDINGS. 


UNIVERSITY OF COLORADO 

A meeting of the University of Colo- 
rado Branch was held on April 26. А 
paper on “ High Frequency Currents 
and Wireless Telegraphy ” was pre- 
sented by Mr. H. T. Plumb, engineer 
for the General Electric Company, 
Denver, Colo., former professor of 
electrical engineering at Purdue Uni- 
versity, Lafayette, Ind. 


UNIVERSITY OF KANSAS 

The University of Kansas Branch 
held its third annual banquet on the 
evening of Мау 10. Forty members 
and guests were present. Mr. Floyd 
P. Ogden acted as toastmaster, and 
toasts were responded to as follows: 
“ The А. I. E. E." , by Professor С. А. 
Johnson; '" Commercial Engineering ”', 
by Mr. Louis H. Egan; “Тһе Senior's 
Outlook ", by Mr. Henry А. Hoffmann; 
“ The Entering of the College Man [nto 
the Practical World ", bv Mr. W. F. 
Siegmund; “Тһе Coming Seniors ”, by 
Мг. H. Е. Поа су; “ The Department” 
Бу Professor George С. Shaad. Ап 
attractive menu added greatly to the 
enjoyment of the occasion. 


LEWIS INSTITUTE 
The Lewis Institute Branch held its 
regular meeting in the auditorium of the 
Lewis Institute on April 18. About 150 
members were present. Professor 
Mosely gave a talk on “ Polar Indica- 
tors for Prime Movers." Professor 
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Mosely used a number of slides to il- 
lustrate his talk, and also а working 
demonstration of the Purdy polar in- 
dicator for gas engines by running it 
with a motor-cycle engine placed on 
the stage near the indicator. Тһе vari- 
ous cycles in the cylinder were clearly 
shown to the audience by means of this 
instrument. Мг. Purdy, the inventor 
of the device, was in the audience, 
and following the lecture he discussed 
the development of the instrument from 
its inception. 


UNIVERSITY OF MISSOURI 

At the regular monthly meeting of 
the University of Missouri Branch held 
on April 10, Mr. Т. 5. Haddaway рге- 
sented a paper on “ Corona Losses.” 
The material recently presented to the 
Institute by Professor Harris J. Ryan, 
in his paper on “ Open Atmosphere and 
Dry Transformer Oil as High Voltage 
Insulators ", published in the January 
PROCEEDINGS, was largely drawn upon, 
the same theory being employed as a 
basis for the explanations offered of the 
characteristic electric discharges. Refer- 
ence was also made to the work of 
Mershon, Whitehead, Watson, and 
others. 


Оп Мау 1 the members were ad- 
dressed by Mr. Е. W. Stapf, on '' The 
Design of Prepayment Street Саг.” 
The paper described the first trial of 
the prepayment method made by Mr. 
McDonald on the Montreal lines, and 
the favorable results in the increase of 
fare receipts, and the decrease of acci- 
dents. 

In support of the claims made for the 
new types of cars, the following figures 
were cited as the result of one years’ 
operation of one line: 


Increase of fares per car hour.......... 15.2% 
Decrease of car mileage................ 9.8°% 
Reduction of accidents........... 0.0006 31.9% 


Mr. Stapf then gave a description 
illustrated by drawings and = lantern 
views of some of the interesting points 
in car body design. 


The final meeting of the Branch for 
the season was held on May 8. After 
an informal discussion of the activities 
of the Branch, a motion was adopted to 
set and enforce the time for starting 
meetings at 7 p.m., for closing the 
presentation of papers at 7:45 p.m., 
and for closing the discussion at 8:15 
p.m. Also that the question of having 
refreshments be considered at the first 
meeting in the fall. It was voted that 
the present practice of electing the 
members of the executive committee 
be continued; that is, electing two 
members from the senior and graduate 
classes, and one from the junior class, 
the junior member being reélected for 
his senior year in order to secure con- 
tinuity of policy. Two members of 
the executive committce for 1911-1912 
were elected. These were, Messrs. 
E. W. Guengerich, succeeding himself, 
and Mr. Henry Friede. The election of 
the third member was postponed until 
the first meeting in the fall. Mr. Е. 
W. Kellogg was elected secretary for 
1911-1912: 


NEW HAMPSHIRE COLLEGE 

A meeting of the New Hampshire 
College Branch was held on Monday 
evening, May 1. А paper by Mr. 
William F. Uhl on '' Speed Regulation 
in Hydroelectric Plants " was presented 
by Mr. L. W. Bennett. Professor C. E. 
Hewitt then described the apparatus 
mentioned in the paper and illustrated 
it by means of lantern slides. 


М. C. CoLLEGE of А. AND M. ARTS 

'The final meeting of this Branch was 
held in the new engineering building 
of the college on May 3, and the follow- 
ing Institute papers were abstracted 
and discussed: — ' Cost of Industrial 
Power", by Aldis E. Hibner, read by 
Mr. J. T. Peden; ' Fixed Costs in 
Industrial Power Plants", by John 


C. Parker, read by Mr. G. W. Gillette; 


“ Advantages of Unified Electric Sys- 
tems Covering Large Territories ”, 
by William B. Jackson, abstracted by 
Professor William Hand Browne, ]г.; 


—— 
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“ Commercial Testing of Sheet Tron 
for-Hysteresis Loss ", by L. T. Robin- 
son, read by Mr. P. N. Pittenger; 
“Тһе Effect of Temperature Upon the 
Hysteresis Loss in Sheet Steel”, by 
Malcolm MacLaren, abstracted by 
Professor Browne. 


UNIVERSITY OF OREGON 
The University of Oregon Branch 
held its regular meeting on the evening 
of April 11. Мг. С. В. Reid gave а 
description of the operation of the 
common battery telephone system, 
illustrating his remarks by the use of a 
switchboard and a number of tele- 
phones. Dr. W. P. Boynton then pre- 
sented a paper on '' Calibration of Elec- 

trical Measuring Instruments." 


At the meeting of the Branch held 
on May 9, Mr. M. P. Spencer, manager 
of the Eugene properties of the Oregon 
Power Company, gave a talk on the 
commercial features of the electrical 
industry. Тһе main points touched 
upon were the training and qualifica- 
tions necessary for success in the elec- 
trical business, and the subject of 
rates and rate making. Мг. Spencer 
also made a strong argument against 
competition in the electrical business, 
with special reference to local conditions 
Mr. C.-R. Reid presented an abstract 
of the Institute paper on '' The Semi- 
Automatic Method of Handling Теіс- 
phone Traffic ", by Edward E. Clement, 
published in the April PROCEEDINGS. 


OREGON AGRICULTURAL COLLEGE 

A meeting of this Branch was held 
on April 8. Two papers on photometry 
were presented by Messrs. R. J. Ander- 
son and J. D. Carnegie, these being the 
ninth and tenth of the series on illumi- 
nating engineering given during the 
усаг. Мг. Е. В. Shepard, of the 
electrical department of the college, 
gave a demonstration of the effect of 
magnetism on the optic nerve. 


STANFORD UNIVERSITY 
The Stanford University Branch held 
its regular meeting on April 20. Pro- 


fessor Harris J. Ryan gave an informal 
talk for the benefit of the seniors. 
The subject of the talk was ‘ Advice to 
Graduates and Opportunities for the 
Young Electrical Engineer.” 


The final meeting for this season was 
held at the home of Professor Ryan on 
Thursday evening, May 4. Officers 
were elected for the ensuing year as 
follows: Chairman, S. B. Shaw; secre- 
tary, J. J. Argabrite; treasurer, H. 
Endres; librarian, В. В. Beal. Professor 
Ryan then gave a talk on the dc- 
velopment of the electrical engineering 
profession and its present scopc. 


SYRACUSE UNIVERSITY 

The regular monthly meeting of the 
Syracuse University Branch was held 
on April 20, Dr. Graham presiding. 
Professor George Goldman presented 
an original paper on the '' Construction 
of Transformers- -А Comparison of the 
Methods Used in the United States.” 
The different types and methods of 
construction employed by various man- 
ufacturers throughout the country were 
discussed, and the limitations of trans- 
formers pointed out. In some cities 
the use of oil cooled transformers 15 
prohibited on account of the greater 
fire hazard. Air blast transformers on 
locomotives do not meet with favor 
owing to trouble from dust and mois- 
ture, morc especially from the latter. 


WORCESTER POLYTECHNIC INSTITUTE 

Professor Arthur Nesbit, of the New 
Hampshire College, addressed the mem- 
bers of the Worcester Polytechnic 
Institute Branch at its meeting held on 
April 14, on the subject “ The [Induction 
Motor." The lecture was illustrated 
with lantern slides, and traced the de- 
velopment of the motor from the ex- 
perimental stages by first showing 
how a rotating тарпейс field may be 
produced by a direct current supplied 
to a gramme ring through proper com- 
mutator and brushes, then how the 
rotating field 15 produced by polvphase 
alternating currents. Professor Nesbit 
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then discussed the development of the 
rotor, and stated that probably the 
greatest amount of attention is being 
paid to the perfecting of this part of the 
macliine. Touching on design, he 
showed how the flux 15 distributed, dis- 
placed, and conducted through leakage 
paths. Ву the aid of characteristic 
curves, the operation of the commercial 
motor was taken up and the effects of 
changes in rotor resistance, applied 
potential, and frequency, were dis- 
cussed. 


Personel 


MR. B. A. BEHREND has opened 
offices for engineering consultation at 
the John Hancock Building, 200 Devon- 
shire Street, Boston, Mass. 


MR. FRANK E. HAMILTON has re- 
signed his position. with the Allis- 
Chalmers Company, Milwaukee, Wis., 
and will spend the summer traveling in 
Europe. 

Мк. Н. С. PHAIR, electrical assistant, 
signal service, is now engaged in fire 
control work at the office of the Chief 
Signal Officer, U. S. Army, Manila, 
Р. 1. 

Mr. W. J. Моктох has resigned as 
assistant secretary to the Public Service 
Commission to Чо special consulting 
work for the Commonwealth Edison 
Company, Chicago, Ш. 

Messrs. С. O. Млил.осх and С. E. 
KNOX, consulting engineers, announce 
the removal of their offices to the West 
Street Building, 90 West Street, New 
York City. 

Mr. А. С. Jewett, of London, is 
going to Afghanistan as chief engineer 
of a hvdroclectrie installation, for an 
English firm, and will be in the employ 
of His Majesty The Ameer. 

Мін. К. M. OSTERMANN, of Berlin, 
Germany, will reénter the foreign de- 
partment of the General Electric Com- 


pany at Schenectady, his health having 
improved sufficiently to permit . his 
taking up work again. 

DR. А. E. KENNELLY has accepted an 
invitation from the University of Lon- 
don to give a short series of lectures in 
London, at the end of May, on *' The 
Application of Hyperbolic Functions 
to Electrical Engineering Problems.” 


Мк. JOSEPH G. DELLERT has re- 
signed his position with the New York 
Edison Company to become clectrical 
engineer with Edward B. Stott and 
Company, electrical and mechanical 
engineers and contractors, 227 Fulton 
Street, New York City. 


Mr. CHaRLEs А. HonkiN, who for 
the past eight years has been connected 
with the United Railways Company of 
St. Louis, recently as assistant superin- 
tendent of power stations, has heen ap- 
pointed superintendent of power sta- 
tions for the same company. 


Mr. B. ARAKAWA, assistant professor 
of the Tokyo Imperial University, 
Tokyo, Japan, who has spent the last 
three years in the United States and 
Europe, in study, was recently ap- 
pointed professor of electrical engineer- 
ing for the newly opened Kyushu fm- 
penal University, Fukuoka, Japan. 

MR. FAY WoopMANSEE has resigned 
his position with Sargent and Lundy 
and has entered into partnership with 
Mr. Edson ©. Sessions of Chicago, and 
Mr. Charles |. Davidson of Mil- 
waukee, under the firm name of Wood- 
mansee, Davidson and Sessions. The 
firm will do a general engincering busi- 
ness. 

Мк. L. J. Hicks and Mr. С. J. 
SCHERLING, of the Dongan Electric 
Manufacturing Company, announced 
the removal of the company from 
Albany, N. Y., to 15 and 17 East 
Woodbridge Street, Detroit, Mich. 
Mr. Hicks 15 president, and Mr. 
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Scherling secretary and treasurer of 
the company, and their headquarters 
will be in Detroit. 


Obituary 
Mr. RicHARD H. THomas, of New 
York City, who was elected an Associate 
of the Institute on August 17, 1904, died 
on January 23, 1911. Mr. Thomas was 


born at Brantford, Ontario, Canada, 
on January 25, 1868. Не served for 
five years as apprentice with the 


Watson Engine Works Company of 
Brantford, and worked for five vears 
throughout the United States апа 
Canada in general engine, machine and 
electrical construction. He finally 
engaged in business on his own account 
at 107 Liberty Street, New York, as 
machinist and engineer, and general 
sales agent for the White and Middleton 
Gas Company of Baltimore, Md. 


Mr. DovGLAs Epwarp BLACK, of the 
Illinois Traction System, Springfield, 
ПІ., died at Carlinville, Ill, last Oc- 
tober. Mr. Black was born in New 
Orleans, La., on September 4, 1884. 
He received his general education in the 
public schools of Montreal, P. Q. In 
1902 he entered the McGill University, 
graduating in 1906 ав mechanical 
engineer. Не then took а vcear's pest- 
graduate course in electrical engineering, 
graduating in 1907. In the latter part 
of August 1908 he entered the motive 
power and equipment department of 
the Illinois Traction System, at De- 
catur, lll, and was transferred to 
Springfield, IH., in July 1910. Mr. 
Black was elected ап Associate of the 
Institute on April 10, 1908. 


Mr. CARLOS ENRIoUE ROBLES, of 
San José, Costa Rica, died in New 
Orleans, La., on February 17, 1911. 
Mr. Robles was born in San José on 
March 28, 1888. In 1904 he entered 
the Louisiana State University, from 
which he graduated in 1909 with the 
degree of B.Sc. in electrical engineering. 
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Upon graduation he accepted a position 
ав electrical engineer оп the 5. 5. 
Turrialba, of the United Fruit Com- 
pany. Mr. Robles became an Associate 
of the Institute on June 29, 1910. 


Library Accessions 


The following accessions have been 
made to the Library of the Institute 
since the last, acknowledgment. 
Abbildung u. Beschreibung der electr. 

Pistole и. eines kleinen electri- 
citattragers. By J. С. Schaffer. 
Regensburg, 1778. (Purchase.) 
Abhandlungen von dem Luftelektro- 
phor. Edition. 2. By Joseph 
Weber. Ulm, 1779. (Purchase.) 
Abhandlungen vollstandige der lehre 


von der Elektricitat. By Tiberio 
Cavallo. | Leipzig, 1785. (Риг- 
chase.) 


Anfangsgründe der Elektricitat. By 
Abel Socin Hanau, 1777.  (Pur- 
chase.) 

De l'Application du Rhe electrometre 
aux paratonneres des telegraphes. 
By M. Melsens. Bruxelles, 1877. 
(Purchase.) 

Automatic repeaters between open and 
closed circuit telegraph systems. 
By C. deF. Chandler. (U. S. 
Army Signal School. Conference 
No. 8, 1910-11.) Fort Leaven- 
worth, 1911. (Gift of author.) 


Beobachtungen uber die 
schaften des 
Brugmann, 
chasc.) 


Verwandt- 
Magnets. By А. 
Leipzig, 1781. (Раг- 


Beschreibung einer. betrachtlich ver- 
besserten elektrisiermaschine. Ву 
Jacob Langenbucher. Augsburg, 
1780. (Purchase.) 

Betrachtungen uber die Elektricit it. 
By L. Saur. Berlin, 1832.  (Pur- 
chase.) 

Die Bindung der  Atmospharischen 

Stickstoffs in Natur und Technik. 

Ву P. Vageler. Braunschweig, 

1908. (Рагсһаве.) 

Congreso Cientifico (1? Pan Americano) 


Ciencias Juridicas (VI Seccion), 
Vol. 7. Santiago de Chile, 1910. 
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Ciencias Economicas у Sociales. 

(VII Seccion, Vol. 8). Santiago de 

Chile, 1911. (Gift. of Congreso 

Cientifico (1° Pan Americano.) 

Construction et Emploi des Machines 
et Appareils Electriques. Ed. 2. 
By Antoine Luzy, Paris, n.d. (Gift 
of D. Van Nostrand Companv.) 

Deutscher Kalender fur Elektrotech- 
niker. Pts. 1-2. By F. Uppenborn 
München, 1911. (Purchasce.) 

Direct Circuit Telephones. By C. deF. 
Chandler. (U. S. Army Signal 
School, Conference No. 10, 1910- 
11.). (Gift of author.) 

Electrician. Vol. 44, 1899-1900. Lon- 
don, 1900. (Gift of Mr. Del Mar.) 

Esperienze fisico- mechaniche sopra vari 
soggetti. By F. Hauksbee. Firenze, 
1716. (Purchase.) 

Essai sur l'electricite atmosphcrique et 
. son influence dans les phenomenes 
meteorologiques. By Abbe Herviey 
Paris, 1835. (Purchase.) 

Della formazione de fulmini trattato 
raccolto da varie sue lettere. By 
Scip Maffei. Verona, 1747. (Pur- 
chase.) 

The Foundry. Vol. 1, Nos. 1-4; Vol. 2, 
Nos. 6-12; Vols. 3-6, Nos. 13-25. 
sept. -Dec. 1892; Feb. 1893-Sept. 
1894. Detroit, 1892-94. (Gift of 
Daniel Adamson.) 

Der Galvanismus u. Theorie desselben. 

By Joseph Weber. Munchen, 1815. 
(Purchase.) 

Helmholtz, Hermann von. By Leo 
Koenigsberger. Vols. 1-3. Braun- 
schweig, 1902. (Gift of Edward D. 
Adams.) 

john Crerar Library. Annual Report. 
16th, 1910. Chicago, 1911. (Ex- 
change.) 

Kurzc anzeige von d Nuzen der Strahla- 
bleiter.. Ву Mr. Saussure. Zurich, 
1772. (Purchase.) 

Law cffecting engineers. By W. V. 

Ball. London, Archibald Constable 

& Co., 1909. (Purchase. This 

work is of course based on the 

English law, but should be of in- 

terest to American engineers, if 

only in a comparative way. It 
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treats of the engincer’s status in 
general, his fees, his occupancy 
of a salaried post, his appearance 
as a witness, and his connections 
with contracts. —W. P. С. 

Lectures on Illuminating Engineering, 
delivered at the Johns Hopkins 
University Oct. & Nov. 1910. 
Vols. 1-2. Baltimore, 1911. (Pur- 
chase.) 

Maryland Public Service Commission. 
Report. Vol. 1, May-Dec. 31, 
1910. Baltimore, 1911. (Gift.) 

New Century Atlas of Counties of the 
State of New York, 1911. New 
York-Phil., Everts Publishing Co., 
1911. (Purchase.) 

Precis de Télégraphie sans Fil. By J. 
Zenneck. Paris, Gauthier Villars, 
1911. (Gift of Publisher.) 

Rugby Engineering Society. Proceed- 
ings Vols. 2 and 4. Rugby, 1905, 
1907. (Gift of Rugby Engineering 
Society.) 

Sendschreiber uber die Electricitit an 
den Herrn Grafen Algarotti. Basel, 
1750. (Purchase.) 

Short Table of Integrals. Ed. 2, re- 
vised. By B. O. Peirce. Boston, 
Ginn & Co., 1910. (Ригсһаве.) 

Smithsonian Institution. Annual Rc- 
port of the Board of Regents. 
1909. Washington, 1910. (Gift.) 

Stone and Webster Electric Railway 
and Lighting Properties. 1911. 
Boston, 1911. (Gift of Stone & 
Webster. ) 

Street Railway Review. Vol. 1, Nos. 
2-12; Vols. 2-3, 1891-03. Chicago 
1891-93. (Ригсһаве.) 

Tentamen de vi eletrica ejusque phe- 
nomensis. By Nic. Bammacaro. 
Neapoli, 1748. (Purchase.) 

Der Thermomagnetismus in einer Reihe 
neuer  clectro-magnetischer ver- 
suche dargestellt. By Jul. v. Үсіп 
Munchen, 1823.  (Purchase.) 

Trattato completo d'elettricità teorica 
e pratica. By Tiberio Cavallo. 
Firenze, 1779. (Purchase.) 

Uber anwendung der Electricitat bei 
Kranken. J. L. Bóckemenn. Dur- 
lach, 1786. (Purchase.) 
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Uber das Verhaltniss der electrischen 
polaritat zu Licht und Warme. 
By Dr. Neef. Frankfurt a. m. 1845. 
(Purchase.) 

U. S. Interstate Commerce Commission. 
Block Signals on the Railroads of 
the United States. Jan. 1, 1911. 
Washington, 1911. (Exchange.) 

Vollstandige lehre von der Gesetzen d. 
Elektricitat und von der Anwen- 
dung derselben. By Joseph Weber. 
Landshur, 1791. (Purchase.) 


TRADE CATALOGUES 


Allgemeine Elektricitats Gesellschaft. 
Berlin. Electric driven planer for 
metal working. 6 pp. 

——Switches and measuring 
ments. 12 pp. 

Crocker-Wheeler Co., Ampere, N. J. 
Bull. No. 130. Small direct current 
generating sets. 3 pp. 

Electrical Engineers Equipment Co., 
Chicago, Ill. Electrical fittings for 
power plants. 72 pp. 

General Electric Со., Schenectady, 
N. Y. Charging the electric auto- 


instru- 


mobile at home. 7 pp. 

——Bull No. 4810. Running light 
telltale boards. 4 pp. 

———Bull. No. 4820.  Curve-drawing 
ammeters and voltmeters; type 
CR and CR-2. 6 pp. 

Leeds & Northrup Co., Phila., Pa. 


Catalogue No. 70. Potentiometers. 
20 pp. 

Catalogue No. 50. Portable testing 
sets and cable testing apparatus. 


40 pp. 
William Marshall, New York.  Elec- 
trical condensers and artificial 


cables. 30 pp. 

United States Electric Co., Chicago, 
Il. Bull. No. 101. Gill selectors 
for telegraph service. 18 pp. 

—— —Bull. No. 301. Vacuum lightning 
arresters. 18 pp. 
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Bull. No. 401. Gill selector in 
message service. 14 pp. 
Bull. No. 501. Gill selector for 


telephone train despatching. 20 pp. 
Bull. No. 701. Some preventable 
accidents. 6 pp. 


UNITED ENGINEERING SOCIETY 


Black Hills, South Dakota. Тһе Rich- 
est Hundred Miles Square in the 
World. Ed. 7. Chicago & North 
Western Railway, 1909. (Gift of 
Т. E. Cassidy.) 

Eagle Almanac, 1911. 
(Purchase.) 


Pennsylvania Railroad Company: Spec- 
ifications. Nos. ІС, 2; 3-А; 4-A; 
5-А; 6; 7-С; 8; 9-Е; 10-D; 11-С; 
12-F; 13; 14-C; 15; 16; 17; 18; 
20-А; 21; 22- A; 23-A; 24-А; 25-В; 
26; 27-А; 28-А; 29-Е; 30-А; 31-А; 
32-С; 33-Е; 34-А; 35-А; 36-А; 
38-А; 39-С; 40-А; 41-А; 42; 43-А; . 
44-2; 45-A; 46-B; 47; 48; 49-A; 
50; 52-А; 53; 54-С; 55-А; 56; 57; 
59-В; 60-В; 61; 62; 64; 65; 66; 72; 
73; 74-А; 75-A; 76; 78-B; 80-A; 
88-A; 101; 102; 104; 106-C; 107-A; 
120; 121; 122. (Gift of Penn- 
sylvania Railroad Co.) 

Publishers’ Trade List Annual, 1910. 
New York, 1910. (Purchase.) 


Reference Catalogue of Current Litera- 
ture. Vols. 1-3, 1910. London- 
N. Y. 1910. (Purchase.) 

South Carolina Railroad Commission. 
Annual Report 32d, 1910. Colum- 
bia, 1911. (Gift.) 

Standard Specifications for Structural 
Steel, etc., 1910. (Gift of Carnegie 
Steel Company.) 


Brooklyn, 1911. 


Tribune Almanac, 1911. New York, 
1911. (Purchase.) 
World Almanac, 1911. New York, 


1911. (Purchase.) 
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OFFICERS AND BOARD OF DIRECTORS, 1910-1911. - 


PRESIDENT. 


(Term expires July 31, 1911.) 
DUGALD C. JACKSON. 


JUNIOR PAST-PRESIDENTS. 


LOUIS A. FERGUSON. 


VICE-PRESIDENTS. 
(Term expires July 31, 1911.) 
JOHN J. CARTY. 
PAUL M. LINCOLN. 
PAUL SPENCER. 
MANAGERS, 
(Term expires July 31, 1911.) 
DAVID В. RUSHMORE. 
W. G. CARLTON. 


CHARLES W. STONE. 
H. Е. CLIFFORD. 


A. W. BERRESFORD. 


HENRY H. NORRIS. 
SEVERN D. SPRONG 


TREASURER. 
GEORGE A. HAMILTON. 


(Term expires July 31, 1912.) 


WILLIAM S. MURRAY. 


(Term expires July 31, 1911.) 


LEWIS B. STILLWELL 


(Term expires July 31, 1912.) 


MORGAN BROOKS. 
HAROLD W. BUCK. 
PERCY H. THOMAS 


(Term expires July 31, 1913.) 


H. H. BARNES, JR. 
К. С. BLACK. 

W. S. RUGG. 

C. E. SCRIBNER. 


SECRETARY. 
RALPH W. POPE. 


Nots:—The Institute Constitution provides that the above named twenty-three officers shall 


constitute the Board of Directors. 


PAST-PRESIDENTS.— 1884-1910. 


ФМОЕУІМ GREEN, 1884—5-9. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MAR:.N, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
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SECTIONS COMMITTEE. 
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212 


PROCEEDINGS OF A. I. Е. Е. 


[June 


SPECIAL COMMITTEES. 


RAILWAY COMMITTEE. 


FRANK J. SPRAGUE, Chairman, 

165 Broadway, New York. 
А. Н. ВАВСОСК, San Francisco, Cal. 
FREDERICK DARLINGTON, Pittsburg, Pa. 
І, С. FRITCH, Chicago, Ш. 
CARY T. HUTCHINSON, New York. 
WILLIAM B. JACKSON, Chicago, Ill. 
EDWIN B. KATTE, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. B. POTTER, Schenectady, N. Y. 
LEWIS B STILLWELL, New York. 
B. F. WOOD, Altoona, Pa. 


EDUCATIONAL COMMITTEE. 


А. S. LANGSDORF, Chairman, 
Washington University, St. Louis, Mo. 

W. L. ABBOTT, Chicago, Ill. 

M. C. BEEBE, Madison, Wis. 

C. C. CHESNEY, Pittsfield, Mass. 

W. F. M. GOSS, Urbana, Ill. 

E. P. HYDE, Cleveland, Ohio. 

J. P. JACKSON, State College, Pa. 

RALPH D. MERSHON, New York. 

HENRY H. NORRIS, Ithaca, N. Y. 

GEORGE F. SEVER, New York. 

C. P. STEINMETZ, Schenectady, N. Y. 


ELECTRIC LIGHTING COMMITTEE. 


P. JUNKERSFELD, Chairman, 
139 Adams Street, Chicago, Ill. 
R. G. BLACK, Toronto, Ont. 
W. С. L. EGLIN, Philadelphia, Pa. 
L. L. ELDEN, Boston, Mass. 
H. W. FISHER, Pittsburg, Pa. 
В. W. FRUEAUFF, Denver, Colo. 
WILLIAM В. JACKSON, Chicago, Ш. 
J. A. LIGHTHIPE, Los Angeles, Cal. 
W. Н. POWELL, Milwaukee, Wis. 
W M. LISPENARD ROBB, Troy, N. Y. 
W. S. RUGG, New York. 
P. D. WAGONER, Long Island City, L. I., М. Y. 


HIGH TENSION TRANSMISSION COMMITTEE. 


PERCY H. THOMAS, Chairman, 
2 Rector Street, New York. 
H. W. BUCK, New York. 
GANO DUNN, Ampere, N. J. 
W. S. LEE, Charlotte, N. C. 
RALPH D. MERSHON, New York. 
W. S. MOODY, Pittsfield, Mass. 
FARLEY OSGOOD, Newark, N. J. 
HUGH PASTORIZA, Provo, Utah. 
HAROLD PENDER, Boston, Mass. 
HARRIS J. RYAN, Stanford University, Cal. 
W. I. SLICHTER, Columbia University, М. Y. 
H. S. WARREN, New York. 


INDUSTRIAL POWER COMMITTEE. 


N. T. WILCOX, Chairman, Lowell, Mass. 
D. B. RUSHMORE, Schenectady, N. Y. 
C. A. ADAMS, Cambridge, Mass. 

R. S. FEICHT, Pittsburg, Pa. 

Е. С. GASCHE, Chicago, Ill. 

R. S. HALE, Boston, Mass. 

S. J. LISBERGER, San Francisco, Cal. 
HOMER NIESZ, Chicago, Ill. 

J. С. PARKER, Rochester, М. Y. 

H. H. SCOTT, New York. 

R. B. WILLIAMSON, Milwaukee, Wis. 


TELEGRAPHY AND TELEPHONY COMMITTEE. 
SAMUEL REBER, Chairman, 

39 Whitehall St., New York. 
WILLIAM MAVER, JR., New York. á 
MORGAN BROOKS, Urbana, Ill. 
W. L. CAMBELL, Chicago, Ill. 
F. J. DOMMERQUE, New York. 
F. B. JEWETT, New York. 
5. С. МеМЕЕМ, Chicago, Ш. 
FRANKLIN Н. REED, Chicago, III. 
C. E. SCRIBNER, New York. 
J. С. WRAY, Chicago, Ш. 


ELECTROCHEMICAL COMMITTEE. 

PHILIP P. BARTON, Chairman, 
Niagara Falls, N. Y 

L. ADDICKS, Elizabeth, М. J. 
H. H. BARNES, JR., New York. 
C. F. BURGESS, Madison, Wis. 
A. F. GANZ, Hoboken, М. J. 
W. В. HALE, City of Mexico, Mex. 
CARL HERING, Philadelphia, Pa. 
А.Е. KENNELLY, Cambridge, Mass. 
S. M. KINTNER, Pittsburg, Pa. 
W. S. RUGG, New York. 
JOHN B. TAYLOR, Schenectady, N. Y. 


POWER STATION COMMITTEE. 

H. ST. CLAIR PUTNAM, Chairman, 
100 Broadway, New York. 

W. L. ABBOTT, Chicago, Ill. 
H. H. BARNES, JR., New York. 
PHILIP P. BARTON, Niagara Falls, N. Y. 
B. A. BEHREND, Pittsburg, Pa. 
H. A. LARDNER, San Francisco, Cal. 
G. I. RHODES, New York. 
D. P. ROBINSON, Boston, Mass. 
С. A. RODENBAECK, Boston, Mass. 
E. F. SCATTERGOOD, Los Angeles, Cal. 
S. D. SPRONG, New York. 


INDEXING TRANSACTIONS COMMITTEE. 
G. I. RHODES, Chairman, 
600 West 59th Street, New York. 
W.G. CARLTON, New York. 
C. E. EVELETH, Schenectady, N. Y. 
M. G. LLOYD, Chicago, Ill. 
HENRY С. STOTT, New York 


ч” 


1911] SPECIAL COMMITTEES 213 


SPECIAL COMMIT TEES— Continued. 


CONSERVATION OF NATURAL RE- 
SOURCES COMMITTEE. 


LEWIS B. STILLWELL, Chairman. 


100 Broadway, New York. 


HENRY G. STOTT, New York. 
H. W. BUCK, New York. 

A. M. HUNT, San Francisco, Cal 
W. S. LEE, Charlotte, М. C. 

A. M. SCHOEN, Atlanta, Ga. 

C. F. WALLACE, Boston, Mass. 


MEMBERSHIP COMMITTEE. 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 


В. С. BLACK, Toronto, Ont. 

С. W. BURKETT, San Francisco, Cal. 

F. L. HUTCHINSON, New York. 

Е. N. LAKE, Boston, Mass. 

W. A. LAYMAN, St. Louis, Mo. 

С. Е. MAGNUSSON, Seattle, Wash. 

E. B. MERRIAM, Schenectady, N. Y 

W. S. MURRAY, New Haven, Conn. 

N. J. NEALL, Boston, Mass. 

W. D. WEAVER, New York. 

H. P. WOOD, Atlanta, Ga. 

INTERMEDIATE GRADE OF MEMBER: 

SHIP COMMITTEE. 

CHARLES W. STONE, Chairman, 


Schenectady, N. Y. 


CHARLES F. SCOTT, Pittsburg, Pa. 
T. E. BARNUM, Milwaukee, Wis. 

A. M. HUNT, San Francisco, Cal. 

А. 5. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
G. C. SHAAD, Lawrence, Kansas. 


HISTORICAL MUSEUM COMMITTEE. 
T. C. MARTIN, Chairman, 


29 West. 39th Street, New York. 


JOHN J. CARTY, New York. 

L. A. FERGUSON, Chicago, ПІ. 

JOHN W. LIEB, JR., New York. 

Е. W. RICE, JR., Schenectady, М. Y. 

CHARLES A. TERRY, New York. 

CALVERT TOWNLEY, New Haven, Conn. 

1i RELATIONS OF CONSULTING ENGINEERS 
COMMITTEE. 


FRANK J. SPRAGUE, Chairman. 


165 Broadway, New York. 


FRANCIS BLOSSOM, New York. 

О. S. LYFORD, JR., New York. 
LEWIS B. STILLWELL. New York. 
PERCY H. THOMAS, New York. 

C. G. YOUNG, New York 


EDISON MEDAL COMMITTEE 

Appointed by the Presideni 

Term expires July 31, 1915. 
ELIHU THOMSON, Chairman, 

Swampscott, Mass 

JOHN W. LIEB, JR., New York. Е 
EDWARD L. NICHOLS, Ithaca, М. У. 

Term expires July 31, 1914. 
PHILIP P. BARTON, Niagara Falls, N. Y 
JOHN J. CARTY, New York. 
J. С. WHITE, New York. 

Term expires July 31, 1913. 


` С. A. ADAMS, Cambridge, Mass. 


C. C. CHESNEY, Pittsfield, Mass. 
CHARLES E. LUCKE, Secretary, New York 
Term expires July 31, 1912. 
W. S. BARSTOW, New York. 
GANO DUNN, Ampere, N. J. 
CHARLES A. TERRY, New York. 
Term expires July 31, 1911. 
JOHN W. HOWELL, Newark, N. J. 
SAMUEL REBER, New York. 
CHARLES F. SCOTT, Pittsburgh, Pa. 


Elected by the Board of Directors from its own 
membership 
Term expires July 31, 1912. 
PAUL M. LINCOLN, Pittsburg, Pa. 
HENRY H. NORRIS, Ithaca, N. Y. 
PERCY H. THOMAS, New York. 
Term expires July 31, 1911. 
Н. Е. CLIFFORD, Cambridge, Mass 
LOUIS A. FERGUSON, Chicago, III. 
PAUL SPENCER, Philadelphia, Pa. 


Ex-officio Members. 
Term expires July 31, 1911. 
DUGALD C. JACKSON, President. 
RALPH W. POPE, Secretary. 
GEORGE A. HAMILTON, Treasurer. 


INTERNATIONAL ELECTROTECHNICAL 
COMMISSION. 


United States National Committee. 


E. T Boon President. 
ALPH W. POPE, Sec retary, New York. 
Еа Urbana, Ш. 
BERRESFORD, Milwaukee, Wis. 

‚ W. BUCK, New York. 

А. FERGUSON, Chicago, Ill. 
LPH D. MERSHON, New York. 
HARLES F. SCOTT, Pittsburg, Pa. 
AMUEL SHELDON, Brooklyn, N.Y. 
P. STEINMETZ, Schenectady, М. Y. 
W STRATTON Washington, D. C 


ACLS д> 
> 


Фото 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


HENRY G. STOTT, New York. 
LOUIS A. FERGUSON, Chicago, ПІ. 


LEWIS B. STILLWELL, New York. 
DUGALD C. JACKSON, Boston, Mass. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


LOUIS A. FERGUSON, Chicago, Ш. 


CALVERT TOWNLEY, New Haven Conn. 


HENRY С STOTT, New York. 
ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 


SAMUEL SHELDON, Brooklyn N. Y. 


CHARLES F. SCOTT, Pittsburg Pa. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 


SAMUEL SHELDON, Brooklyn. М Y 


WILLIAM ESTY. Betblehem, Pa 


ON ELECTRICAL COMMITTEE OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute Code Committee, FARLEY О5СОӘР, Newark. М. J. 


214 


PROCEEDINGS ОҒ А. I. E. E. 


Name and when Organized. 


Atlanta........... Jan. 
Baltimore......... Dec 
Boston............ Feb 
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A. M. Allen. 

C. L. de Muralt. 
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Montana State Col...May 21, '07| Harry Peck. J. A .Thaler 
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University of Oregon, Eugene, Oregon. 
Penn. State College...Dec. 20, '02| О. С. Himberger. |Н. L. Van Keuren, 
| Репп. as College, State College, Pa. 
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Rensselaer Polytechnic E" 
Institute........... Nov. 12, 09| E. D. М. Schulte. |W. J. Williams, 
Rensselaer Poly. Institute, Troy, М. Y. 
Stanford Univ........ Dec. 13, '07| S. B. Shaw. J. J. Argabrite, | | 
Stanford University, California. 
Syracuse Univ....... Feb. 24, '05| W. P. Graham. А. R. Acheson, 
Syracuse University, Syracuse, N. Y. 
Texas, Univ. of....... Feb. 14, '08| B. E. Kenyon. J. А. Correll, 
University of Texas, Austin, Tex. 
Throop Polytechnic 
тї.............. Oct. 14, 110| R. W. Sorensen. |J. D. Merrifield, 
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Vermont, Univ. of....Nov. 11, 110) Walter L. Upson. |Arthur H. Kehoe, Cal. 
439 College St., Burlington, Vermont. 
Wash., State Coll. оѓ. . Dec. 13, '07| М K Akers. H. V. Carpenter, 


State Col. of Wash., Pullman, Wash. 
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Worcester Poly. Inst. Маг. 25,704| Charles F. Stearns| Millard F. Clement, 
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CONTENTS OF SECTION II 


Papers, Discussions and Reports 
(PAPERS FOR ANNUAL CONVENTION JUNE 26-30, 1911.) _ 
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Induction Motor. By H. Weichsel - - - Е - 1023 
Тһе Economical Design of Direct-current Electromagnets. Ву К. Wikander - 1045 
The Electric Strength of Air II. By John B. Whitehead - - - 1079 
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WAVE SHAPE OF CURRENTS IN AN INDIVIDUAL 
ROTOR CONDUCTOR OF A SINGLE PHASE 
INDUCTION MOTOR 


BY H. WEICHSEL 


The phenomena which take place in the rotor of a single-phase 
motor, can be explained in two different ways. The first is that 
proposed by Galileo Ferraris, and consists in the resolution of a 
single-phase field into two fields rotating in opposite directions. 
The second is the method proposed and developed by Val. A. 
Fynn, which treats the alternating-current motor problems on a 
basis similar to those of the direct-current motor. Тһе latter 
method has given a big impetus to the general understanding of 
the working cenditions of the single-phase motor. Both methods 
lead naturally to the same result. Frequently it is of interest 
and very instructive to solve certain problems by the use of both 
methods, since a comparison between the two frequently throws 
more light on the subject. In this paper the wave shape of the 
currents in an individual conductor of a single phase motor will 
be determined, first by Ferraris’ method, by making use of the 
rotating field theory; and secondly by Fynn's method. 

Ferraris has shown that a single phase field can be resolved into 
two fields of equal magnitude rotating in opposite directions 
with equal angular velocity. Let the amplitude of the single 


phase field be N and it follows that the amplitude of each of 


N 

the rotating fields must be - 2” One of these fields rotates 
clockwise and the other rotates counter clockwise. Let us 
assume that the armature runs clockwise also, and with syn- 
chronous speed: with respect to the line frequency, or what 

Note:—This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. | Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 


the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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means the same thing, with the speed of the ficld which rotates 
clockwise. The rotor bars therefore, do not cut this field, 
no e.m.f. can be induced in the bars due to this ficld. But the 
rotor bars rotate against the second component or the counter 
clockwise rotating field, Ne, with a speed equal to double the 
synchronous speed. The e.m.fs. set up in the bars must there- 
fore be of double frequency, and have a time phase displacement 
with respect to each other equal to their space displacement сх- 
pressed in electrical degrees. If the rotor bars are all short 
circuited, as 1$ the case in the squirrel cage construction, it is 
evident that currents of double frequency will be set up in 
these bars having the same time phase displacement against 
each other as the e.m.fs. producing them. That is, the time 
phase displacement of the rotor currents with respect to each 
other is equal to the space displacement of their conductors. 
From this it 1$ evident that these are polyphase currents, and the 
ficld produced by them is rotating against 

the individual conductors with a speed equal ы 

to twice the synchronous speed of the line. 

This field rotating with double frequency in ы. 

a direction opposite to that of the rotor bars, 

has a speed with respect to a fixed pointin 4 5 
space equal to synchronous speed referred to 
line frequency and in a direction opposite to 
that of the rotor rotation. 

The rotor in a single-phase motor is com- 
pletely surrounded by iron. Therefore if we neglect the effect of 
ohmic resistance the currents produced by the e.m.fs. in the rotor 
bars will have a time displacement of 90 deg. behind their e.m.fs. 
The field set up by these currents, as previously explained, is a 
rotating field with direction of rotation opposite to that of arma- 
ture. We can gain a better insight into the phenomena occurring 
in the rotor if we resolve this field, due to the polyphase rotor cur- 
rents, into two ficlds at right angles. One of these components 
must be in line with, but directly opposite the main stator field. 
Referring to Fig. 1, the line O F;, represents the component of the 
field set up by the rotor currents which is in line with the main · 
stator field О F;,. These two fields О F,, and О F;, annul each 
other, but since the main stator ficld cannot be eliminated, the 
m.m.f. of the stator must be increased until the original number of 
lines are set ир. The additional field of the stator is repre- 
sented in Fig. 1, by O Fs and this is the final remaining field 


Fic. 1 
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in that axis counterbalancing the line voltage. The other com- 
ponent of the rotating field produced by the rotor currents is 
shown by the vector О F,,. The resultant of these two fields 


which are at right angles produces the true rotating field of the 


induction motor. This resultant field rotates іп the same direc- 
tion as the rotor and with line frequency. This will be seen if 
we remember that the resultant of the fields О F,, and O Е,, 15 
the field produced by the rotor currents and rotating in direction 
opposite to that of the rotor bars. But one of these components 
had been annulled by the stator field O F;, and the main field 
ОЕ; is the only one remaining in this axis. This however is 
displaced 180 deg. from O Е,, and therefore the resultant of 
O F; and О F,, must produce a rotating field which is rotating 
in direction opposite to that of the field produced Бу О F,, 
апа О F,,. It is clear also from the above discussion that the 
m.m.f. of the stator is just twice what it would be if the rotor 
had no conductors. 

The results we have obtained so far may be seen more clearly, 
and their importance more fully realized, if we solve the same 
problem on a mathematical basis. Assume that the voltage 
impressed across the stator winding follows the sine law. For 
convenience we will express this as the cosine function 


Е, = Е cos (m t) where m-2T v 
The induced voltage that counterbalances this is 


d Nt 


E,’ = Е cos (m t+180) = P 


№, = — E cos (m #180) dt 


e 


№, = «[z cos (mt) dt 


y, Е sin (m t) 
т 


This is the main transformer flux. Since the flux is ргорог- 
tional to the impressed e.m.f. we may write 


№, = № sin (m 0) 


where. М, is the value of the flux at any time / and М is the maxi- 
mum value of the flux. 
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Now let us assume that the field induction under the pole also 
follows the cosine law. The induction at any point can therefore 
be expressed as 


В, = +B: соѕ а 
where В, represents the instantaneous value of the field induc- 


tion in the center of the pole (see Fig. 2). The induction may be 
expressed in terms of the total number of lines as follows: 


m 23 Е y _ 
EE sn о | =+2В 
| 0 


ма 


Fic. 2 


This is the true maximum of the field induction. The value of 
the induction in the center of the pole at any other instant is 


N, 


ee c 


The induction at any point other than the center may there- 
fore be expressed as follows: 


Ва, = Fo sin (m t) 


— 


- + sin (m f) cos а 


Any armature loop which spans a complete pole pitch and 
whose position is such that one side of the loop is the angle a 
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from the center line of pole as shown in Fig. 3 includes Na 
lines, where N, is given by the expression 

а Tx a+r 


Na - f 2. да = 


M sin (m t) cos @ 


№ . LANE 
9 sin (m t) [sin о | = — N sin (тр sina 


If the armature rotates with synchronous speed the angle а 
is equal to (m t+) where Фф is the angle which the armature 
loop forms with the center line of the stator pole at the time 
і-0. Substituting this value for м we get 


Na = — N sin (m t) sin (m t--q) 


The voltage induced in this armature loop by the М, lines 
interlinked with it is given by the equation 


ua on cm 
Еу = 41 x 10 


where s is number of turns in the loop 


d N s sin (m {) sin (т t+) 


Ei dt 


In order to solve this equation for the induced voltage we will 
simplify the second member | 
sin (m t-+@) -віп (m t) cos g+ cos (m D) sin e 
substituting this we get 


d N s (sin? (m 2) cos ф +cos (т £) sin (m t) sin e]. 
dt 


E," = 


we may also write 


cos (m t) sin (m t) sin ф-3 Xsin (2 m t) sing 


E,"=N T Е sin? (m t) cos ф+1 E sin (2 m t) sin e | 


=N зхт{5їп (2 m 1) cos ф-Есоз (2 m t) зто] 
=N sXm sin (2 ті+ф) = +E" sin (2m t4-q) 
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This is the e.m.f. produced in the rotor loop of s turns by 
rotating the armature conductors in the alternating stator field. 
This voltage sets up currents in the rotor conductors which in 
turn produce magnetic lines. These lines set up а counter- 
balancing e.m.f., E;'"' so that E,’’’ is displaced 180 deg. from Е,” 


where М» are the lines produced by the rotor currents 


E" sin (2 m t-- 94-180) = -4% 


ъ= | біп (2 ті-Ғе) dt 

m= |E sin (2 m t) cos фа a cos (2 m t) sang dt 
Е” | | 
№. = 2m | сез (2 m t+@) ¢ 


This is the equation for the lines produced by the secondary 
current. Since the lines are directly proportional to the second- 
ary current we may write 


12 = – Б соѕ (2 ті+ф) 


The negative sign refers to its direction compared with the 
primary; А 15 a constant. The equation gives the current set up 
at any time ¢ іп an armature loop which formed the angle ф 
with the center of the pole when / was equal to zero. For the 
conductor that lies directly under the pole center at this instant 
ф=0 and the equation for the current 15 


1;— — k cos (2 m t) 


From this it will be seen that the currents in two successive 
armature loops have a time phase displacement equal to the 
space displacement of their conductors, and a frequency just 
twice that of the impressed c.m f. 

In the above discussion we have neglected the effects of rotor 
resistance as compared with rotor inductance; therefore the 
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currents produced in the secondary conductors will be displaced 
90 deg. from the e.m.fs. producing them, as shown in the equa- 
tions just derived. In order to sce the effects of these rotor cur- 
rents, we must consider the limiting cases of the equation for te. 
In the conductor under the center of the pole at the time ¢=0, 
the current is a maximum, in direction opposite to that of the 
impressed voltage. In the conductor 90 deg. from the center of 
the pole at this same instant the current is zero. This means 
that no ficld is set up in the direction of axis a —a, Fig. 1, but there 
is a field set up in direction of axis b — b having its maximum at 


"E ; ; T 
this instant. In the same way we will find that at a time {, = E 


the field in direction of b —b is zero, and the field in direction 

а—а has its maximum. We assumed at the outset an alter- 

nating field N in axis a—a of constant magnitude due to the 

impressed voltage. We now see that the rotor currents produce 

a field in this same axis. In order then, for the 

E main field N to remain, an additional field (or 

3 currents) must be set up in the stator to annul 

the effects of rotor currents. This explains the 

fact. that a single-phase motor running at 

synchronism and no load draws more current 

о | " with the rotor short circuited, than when the 
rotor 15 open circuited. 

Pipes The currents that we have been discussing up 
to this point are those which flow in the rotor bars at synchronous 
speed; that is at no load. We might therefore call these currents 
the rotor magnetizing currents because it is due to them that the 
ficld in the direction of axis b —b exists. As soon asa load is ap- 
plied to the motor additional currents will be sct up 1n the rotor 
bars to produce the necessary torque. If we neglect at present 
the effects of ohmic resistance and leakage 1t will be evident that 
the vector diagram for the stator conditions can be represented by 
Fig. 4. There are flowing in the stator three different current 
components. The vector 0-1 represents the magnetizing current ` 
of the stator when the rotor is open-circuited. The vector 1 2 
represents the additional magnetizing current drawn from the 
line when the rotor bars become short-circuited. This compo- 
nent counterbalances the effect in axis a—a produced by the no- - 
load currents in the rotor. In the case of the ideal motor 
without leakage or resistance in the rotor, the component 
0-1 equals the component 1-2. The third current com- 
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ponent 2-3 is at 90 deg. phase displacement from these 
first two components, or what means the same thing, it is in 
phase with the impressed voltage. It is therefore the watt 
component of the total current. Since only the magnetic field 
produced by the wattless component 0-1 can exist in the axis 
а-а, as otherwise the voltage O—E could not be counter- 
balanced, it follows that the magnetic action of the current 
component 2-3 must Бе equalized bv currents flowing in the 
rotor. For the time being let us assume that the rotor runs at 
synchronous speed even if loaded. Тһе currents flowing in the 
individual rotor bars must be of such a nature as to produce a 
ficld stationary in space in direction of the axis a—a but alter- 
nating in time with the frequency of the line cur- 


rent 2-3. Such a field will be produced by a 2g 

double frequency current superposed by a direct 

current, as will be seen from the following: 1 
Double frequency currents must flow so as to 

produce a field rotating in space opposite to the 0 


direction of the armature rotation, and at double 
synchronous speed with respect to the individual 
rotor bars. This field therefore is rotating against 
a fixed point in space at synchronous speed with 
respect to line frequency. If at the same time a 
direct current flows in the rotor bars, it is evident 
that the field set up by the direct current will be 
constant and stationary with respect to the rotor 
bars. But the rotor bars rotate with synchronous 
speed, so this constant field must rotate against 
a fixed point in space with the same speed and Fig. 5 

in the same direction as the armature. The two 

ficlds we have just considered are equal in magnitude, and 
rotate with respect to a fixed point in space with equal speeds 
but in opposite directions. The resultant field produced is 
alternating with line frequency, but 15 stationary in space as 
represented in Fig. 5. This represents four different instants 
in the period of the fields. When the components are in phase 
the resultant is the sum of the two. At a later instant 0-3 is 
the resultant as shown by the vector addition. Still later the 
components are opposite in phase, so the resultant 15 zero. Тһе 
last view shows the resultant opposite in direction to the first 
two. These diagrams show clearly that the resultant of the 
fields produced by the components of the armature working 
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current is an alternating field stationary in space. The strength 
of this resultant alternating field must be such as to counter- 
balance the magnetic effect of the stator current component 
2-3 as shown in Fig. 4. But as the true maximum of the re- 
sultant ficld equals twice the field strength of one cf the ro- 
tating field components, it follows that the strength of each ro- 
tating field component must be one-half of the true maximum 

value of the stator ficld which cor- 

БЕ qua responds to the stator current 2-3. 
Ж ЖЕ eset басады 
—Q B ———-30- 
ре ponent of the armature current, and 
S let М, be the field due to the stator 
N; 


current vector 2-3. Then Ма=—у—. 


From a consideration of the above we 
may determine the value of the direct- 
current component of the rotor. It 
must be of such magnitude as to pro- 
duce a field equal to that produced 
by the double-frequency current. 

It was assumed at the outset that 
all fields should have sine-shaped dis- 
tribution. The ficld produced by the 
di ect current must therefore be sine- 
shaped, and the only way this is 
possible is for the currents in each 
bar to be different at any one given 
instant, and for this variation to fol- 
low the sine law. 

А graphical representation of the 
different currents flowing in one con- 
ductor of a single phase rotor at no 
load, will show more clearly the physical meaning of the phe- 
nomena discussed above. Let us consider that the rotor bars 
1, 2, 3, etc., Fig. ба have, at the time / = 0. the position as indicated. 
Assume further that the line voltage has 1ts maximum value at the 
time і-0. The line voltage may therefore be graphically repre- 
sented by curve E in Fig. 7. In order to counte balance this 
voltage, a current represented in the figure by the curve т, must 
flow through the primary winding, and this lags 90 deg. behind 


Fic. 6 
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the impressed e.m.f. The lines produced by this current are in 
phase with it. At the time / 20 therefore, the stator current has 
its zero value. "The rotating field produced by the rotor currents 
has its maximum in the axis b — b and no component in the axis 
а-а. Тһе maximum rotor current flows therefore at this in- 
stant (£20) in conductors No. 1 and No. 9. Conductors 
No. 2, 3, 4 and 5 carry less current than conductors No. 1 and 9, 
and the magnitude of the current in each is proportional to the 


IMPRESSED STATOR E. М.Ғ. 


x MAGNETIZING CURRENT 
` IN COND, МО, 1 b. 


Fic. 7.— Rotor magnetizing current for ideal motor 


cosine of the angle the rotor-bar makes with the center of the 
stator pole. Fig. 75 shows graphically the magnetizing current 
flowing in rotor bar No. 1. The currents in rotor bars No. 3, 5, 
7 and 9 are shown in Figs. 7c to 7f, each having a phase dis- 
placement corresponding to the angular position of the rotor 
bar. Figs. 65 to 6d represent the positions of the rotor bars and 


| | Т 
the directions of currents at theinstants ѓ = I t= 2 апа = 


\ 
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where Т equals the time of one period. In these diagrammatic 
views the stator has been indicated by a single loop, and the 
direction of currents by crosses and points. These latter are 
shown light or heavy to indicate as far as possible the relative 
magnitudes of the currents. It is plainly evident that the stator 
winding carries its maximum current at the instant that the 
rotating field produced by the rotor currents lies in the direction . 


PA 


$T те 


WORKING CURRENTIIN COND. МО, 1 


| 


b 


Fic. 8.—Rotor working current components for ideal motor 


of the center line of stator pole, at the same time the field due to 
stator currents tends to annul the other field. 

It must be remembered that the diagrams above referred to 
show the no load condition of the ideal motor without ohmic 
resistance. Іп a similar manner we may show the currents that 
flow when the motor is loaded. We will still hold to the as- 
sumption that the motor has no ohmic resistance. То simplify 
the diagrams we will omit the magnetizing currents which have 
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been represented in Figs. 6 and 7. Fig. 8а again represents the 
impressed line voltage. The working current drawn from the 
line will be in phase with the impressed voltage and can therefore 
be represented by the same curve as the impressed e.m.f. This 
curve has a maximum at the time ¢=0, and its magnetic effect 
must be cancelled by the rotor currents. From a consideration 
of Fig. 9a, it will be seen that the rotor currents must be a maxi- 
mum in conductors No. 5 and 13 and 
zero in No. 1 and 9 in order that the 
resulting field may be in such a di- 
rection as to oppose the field due to 
the stator working currents. This is 
true for both components of the work- 


ing currents. After the time а 
ог what means the same thing, after 
the time taken by the armature to 
rotate 90 deg. in a clockwise direc- 
tion, the currents in the rotor con- 
ductors must be such as to produce 
no field at all. This condition will 
be fulfilled if that component of the 
working current which has double fre- 
quency is counter-balanced by the 
other component of the working cur- 
rent which is constant. As represented 
in Fig. 96, conductor No. 1 has moved 
90 deg. in space. In order to show 
the distinction between the alternating 
current and direct current the rotor 
has been represented as consisting. of 
two squirrel сарс windings, one carry- 
ing the constant working current, and 
the other the double-frequency work- 
ing current. In a practical motor these two windings are 
one, and the double-frequency current is superposed upon 
the direct current. As explained above, the currents must 
be such as to produce no resultant field at all. Hence the 
two fields due to the windings are directly opposing. The 
currents in each separate rotor conductor have been shown in 


s 
CY) 


Fic. 9 


Figs. 8р to 8f. The conditions at the time t= 5 аге shown in 
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Fig. 9c. The ficlds due to the two rotor currents are again 
assisting, but now in opposite direction to that shown in Fig. 9a, 
Ninety degrees later the currents are opposing each other with a 
resultant of zero, as shown in Fig. 9d. These four views indicate 
a complete cycle in the stator current and the resultant of the 
two rotor currents. | 

АП of the derivations and graphical representations dealt with 
in the previous pages have been based on the assumption that 
the rotor had no ohmic resistance, and was running at syn- 
chronous speed even though the motor carried load. In order 
to make the problem more general, we must consider the con- 
ditions that exist when the ohmic resistance of the rotor is taken 
into account. This means that the speed of the rotor will be 
no longer equal to the synchronous speed of the line. In other 
words, the rotor has a certain slip. Let us consider first what 
is taking place in the rotor so far as the rotor magnetizing cur- 
rents are concerned. We know that these currents must pro- 
duce a field in the axis а-а and another field in axis b —b which 
is displaced 90 deg. both in time and space. This means that the 
rotor currents produce a rotating field which rotates against 
the rotation of the armature and which has a synchronous speed 
s in relation to a fixed point in space. Тһе rotor has a speed s; 
in relation to a fixed point in space. The speed of the rotor field 
in regard to any rotor conductor therefore must be (5,45). 
This however necessitates currents with a frequency (7, Кио) 
where v, equals line frequency and ve equals speed frequency. 
That is, v2 is the frequency of the currents which would be set up 
іп the rotor conductors at the speed Se, if the stator were excited 
with direct current. <A graphical representation of this condition 
has been given in Fig. 10. Тһе impressed voltage and the stator 
magnetizing current are again shown in the first figure and here 
it is also assumed that the voltage 1s a maximum at the time 
zero. Тһе rotor magnetizing current in conductor No. 1 must 
be a negative maximum at this instant, (if we neglect the ohmic 
resistance as compared with the inductance), but the remainder 
of the current curve is a junction of (v,+v,). In order to 
show the current graphically we must assume а certain 
speed, and for convenience in drawing the curves we will 
say that 52=% 5. The frequency of the currents in the 
bars, therefore must be 12 times the line frequency. The 
time phase displacement of the currents in adjacent rotor 
bars equals the space displacement of the bars themselves. 
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This has been shown in Fig. 10 in representing the currents 
in conductors No. 1, 3, 5, 7 and 9. In Fig. 11 are shown dia- 


grammatic views of the rotor at the times і-0, A 5. апа 2 n 
It will be noted that at the time ‘т conductor Мо. 1 has 


moved only 60 дер. from the center line of stator pole, neverthe- 


IMPRESSED STATOR Е. М.Е, 
STATOR MAGNETIZING 
CURRENT 


LIS 
1 ЖА x. = 
| 
| 


COND." NO. 7 


`7 


IN COND. МО. 9 


Fic. 10.—Rotor magnetizing current for two-thirds synchronous speed 


less the strength of the currents have changed in such a way 
that the rotor ficld is in the direction of the axis a—a. This 
may be made more clear by a study of Fig. 10 where it is scen 
that the current in conductor No. 2 would be about at its posi- 


| "E Т | 
tive maximum at this instant і: After the time 5 (Fig. 11) 


the conductor No. 1 15 120 deg. from the center line of stator pole, 


-N 
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but now the currents have such a distribution that the field is in 
the direction of the axis 6-0. The rotor currents, instead of 
being exactly 90 deg. behind the e.m.f. that produces them, are 
slightly less than 90 deg. behind, on account of the effect of rotor 
resistance which we have here considered. 

In a similar manner we may derive the working com- 
ponent of the currents in the rotor when the motor is 
carrying load. These currents must produce an alternating 
field which is stationary in space, 
and whose axis coincides with the 
axis of the stator poles. As we 
have seen before, such a field may 
be considered as the resultant of 
two fields of equal magnitude 
rotating in opposite directions 
against a fixed point in space with а 
speed equal to the synchronous 
speed of the line. Тһе component 
that rotates in the same direction 
as the rotor, has a speed in rela- 
tion to the conductor equal to 
51—52; and the other component 
rotating opposite to direction of 
rotor, has a speed equal to 5,4-5 
in relation to the conductor. Each 
individual conductor, therefore, 
carries two different working cur- 
rents; one with slip frequency and 
the other with speed plus line fre- 
quency. Under the assumption 
that the rotor runs at two thirds 
of synchronous speed, these two 
currents must have the frequency 

Fic. 11 1 — $ and 1+ times line frequency. 

These currents in the different 

rotor conductors for this value of slip, are shown іп the curves 

of Fig. 12. These curves were drawn up in exactly the same 

manner as the curves in Fig. 8 except that instead of а double- 

frequency current we now have a current with a frequency 12 

times the line frequency; and in place of the direct current we 
have a current with a frequencv $ that of the line. 

It is now not a very difficult matter to express in mathe- 


па. 


116. 


lle, 


па. 
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matical formule, the facts we have just stated. The currents 
producing the rotor magnetization have a frequency equal ‘to 
the line plus the speed frequency, and therefore may be ex- 
pressed as follows for conductor No. 1. 


42 = — K cos (m, t+; t) 


IMPRESSED STATOR E. М.Ғ. 


WORKING CURRENT 
IN CONO. NO. 1 


Fic. 12.— Rotor working current for two-thirds synchronous speed 
For any other conductor forming the angle ф with the center 
Mne of the pole the equation would become, 

19 = — K cos (m, і+ т» t+) 


The component of the working current which produces a ro- 
tating field in direction of the armature rotation may be ex- 


pressed by the equation 


I,,= — К sin (mit—mst—«q) 
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and the other component, producing a field rotating oppostte 
to the direction of armature rotation is given by the equation 


I,,=+K sin (m, t+m 1+) 
Since these two components must be equal we may write the 
equation for the total working current as 


I,=+K {sin (т, t+m,t+¢) 
—sin (m, t—mst— ф)! 


where m,=2 T У, 
Ti, —2 т Vo 
V,=line frequency 
У, = зрее4 frequency 
ф = апр1е between any par- 
ticular conductor апа 
stator pole center line 
at time zero. 


The equations for 1,, and 1,, have 
been plotted in Fig. 12 for five 
different rotor conductors. 

The low-frequency current is the 
one producing the field rotating 
with the armature. As the speed 
of the armature approaches syn- 
chronism, the frequency of this 
current approaches zero, until at 
synchronous speed we have a direct 
current flowing with the resulting 
conditions as shown previously in 
Figs. 8 and 9. In Fig. 12 wc have 
omitted the curve of maynetizing 
current so as to avoid confusion. It is evident however that there 
are three distinct currents flowing 1n each rotor bar. "The first 1s 
the rotor magnetizing current, and the others are the two compon- 
ents of the working current. The magnetizing current happens 
to be of the same frequency as one component of the working 
current. Тһе total resultant current therefore consists of two dif- 
ferent waves; one of which has '' line plus speed " frequency, and 
the other has slip frequency. The total resultant current can 
easily be obtained from Figs. 10 and 12 by adding together the 


Fic. 13 
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ordinates of the three curves. This has been done in Fig. 14. 
Fig. 15 shows these same currents for three complete primary 
cycles. This figure shows clearly that it will be impossible, with 
the standard design of an oscillograph to produce a stationary pic- 
ture of this curve by the visual method since the shape of the 
curve repeats only after a comparatively long period. The 
photographic method, however, will give the exact shape. 


IMPRESSED STATOR Е. М.Ғ. 


ы 
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Fic. 14.— Resultant rotor working current for two-thirds 
synchronous speed 


In the beginning of this paper, it was stated that the phe- 
nomena taking place in the rotor of a single phase motor could 
be explained in two different ways. The method we have made 
use of in the above discussion is that proposed by Ferraris. 
We will now explain briefly the same phenomena Бу Fynn’s 
method. We will select first, for this purpose the working cur- 
rent because this is the current of greatest importance. Re- 
ferring to Fig. 16 the working current flows in axis a—a. The 
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current flowing in the connection between the brushes а--а must 
be a current of line frequency, and the same is true for the cur- 
rent flowing through the connection between the brushes 0--0. 
Let us assume for a moment that the rotor is stationary and we 
find that the working currents produce a field in the axis a—a 
whose distribution in space we will assume follows the sine 
law. The maximum induction in the axis а-а occurs in the 


IMPRESSED STATOR E. M.F 


7 
gms CURRENT 
IN сомо. NO. 1 


[== NO. 3 


COND. МО. 7 


4 
Ей 


ШШ; NO. 9 


Fic. 15.—Resulting rotor working current for two-thirds 
synchronous speed 


- moment that the working current changes with the time, so 
the corresponding change in the induction may be expressed as 


B, = В cos (m 1) 


The induction at any point which forms the angle @ with the 
center of the pole may be expressed by the equation 


B, = B, cos a = +В cos (m t) cos а 
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In order to obtain such a field distribution, the current dis- 
tribution in space must be given by 


I, =I cos (т 1) sina 


Where 1 is the maximum current which flows іп any conductor 
at the time / equals zero. This current however flows in that : 
conductor which lies in the axis b —b. The ficld distribution will 
поё change if the motor rotates, so the currents in the individual 
conductors must be such as to produce this same field. Hence 
the current distribution in space must remain constant. If we 
assume that the rotor rotates with k per cent of synchronous 
speed we can express the angle a through which any conductor 
has moved іп £ seconds as а = (ё mt). If the conductor under 


Fic. 16 


consideration formed the angle ф with the axis a —a at the time 
{= () the total angle which it makes with the axis а-а after t 
seconds 15 

а = (Е т t--q) 
Substituting this value іп the equation for Г. we obtain 


I, = I cos (m t) sin (k m t+) 


This equation may easily be changed to a form that will more 
readily show the shape of the curve. 


sin (m о) -віп (m 2) cos а + cos (m t) sin а 


sin (m £— a) =sin (m t) cos a —cos (m t) біп о 


1911] WEICIISEL: WAVE SIIAPE OF CURRENTS 1043 
Subtracting the second equation from the first we obtain: 
sin (m t+a)—sin (m t—a)=2 cos (mt) sina 


also let (e m t) 2mst 
By substitution then we may obtain: 


I, =— Ísin (m, t4- ms t-F 9) – ѕіп (mit—mst—49)] 


t| ma 


The form of this equation checks exactly with that derived by 
the rotating field theory. No attention has been paid to the 
absolute value of the constant Кіп the equation for 1, but it is 
evident that the current J, is identical with the current J, just 
now derived. Тһе question of the absolute values of the currents 
is beyond the scope of this paper, as it was the aim to show only 
the wave shape and frequency of the currents for the case where 
primary field is excited by sine-shaped e.m.f. and rotor and stator 
field have also sine-shaped distribution in space. 

It still remains to show that the rotor magnetizing current as 
derived by the rotating field theory of Ferraris agrees with the 
results obtained by Fynn's method. The following discussion 
outlines the proof for this, but for a more extended explanation 
of the theory, the reader 15 referred to an article by Mr. Fynn 
in the Electrical. World of November 1909, p. 1235 where a 
complete diagram of the no-load conditions of a single phase 
induction motor is given. Herc it may be stated simply that in 
the axis a—a flows a magnetizing current which in the ideal 
motor 15 90 deg. phase displaced against the impressed stator 
voltage; and in the axis b — b flows a magnetizing current which 1s 
in phase with the impressed e.m.f. Further we know that the 
magnetizing current in the axis a —a 1s equal to the magnetizing 
current in the axis 0-0. Also, in the same way as for the work- 
ing current, it follows that the magnetizing current flowing in 
an individual conductor in the axis 6—6 may be expressed as 


1p = 1 cos (m t) cos a 
and the magnetizing current in the axis a —a 15 
За = — 1, sin (m t) sin о 


This expression must have the negative sign because it opposes 
the stator magnetizing current which follows the law 


= 1 sin (m I) 
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The total magnetizing current flowing in an individual conductor 
is the sum of 14 and 1, 


іһ-і-Ні-і, cos (m t) cos а-і sin (m t) sina 
=i, cos (mt+a) 


The value of а for any conductor at any time / is given by the 
ex pression 


a=(kmit+go)=mt+¢ 
This substituted in the equation for 1m gives 
is = i4 COS (m 1+ ms t4- qo) 


This equation leads us to the same result which we obtained by 
the rotating field theory. 

А summary of the results obtained above shows that the 
wave shape of the current in an individual rotor conductor of 
a single phase motor consists of three current components. 
One of these is the rotor magnetizing current which has a fre- 
quency equal to line plus speed frequency. Тһе remaining 
two are the two components of the rotor working current; one 
of which has line plus speed frequency, and the other has slip 
frequency. Two of these three current components have the 
same frequency, so the total resultant rotor current is made up 
of two distinct waves, one with line plus speed frequency and the 
other with slip frequency. | 
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THE ECONOMICAL DESIGN OF DIRECT CURRENT 
" ELECTROMAGNETS 


ВУ В. WIKANDER 


The design of an electromagnet for а given duty сап as а rule 
be varied considerably, and while it is comparatively easy to 
design a magnet that will serve a certain purpose, it requires 
careful consideration to find the most economical design in any 
given case. 

In some cases the most economical design of a magnet will 
be the one for which the annual cost of the energy which it con- 
sumes added to the depreciation and the interest оп. the price 
will be a minimum. In other cases it is of importance that the 
magnet should be of compact design and of light weight in order 
to be transported conveniently, or it forms a part of some 
apparatus and should occupy a minimum of space. 

In this paper we will limit our investigations to the design of 
the cheapest, the most compact or the lightest magnet which can 
perform a given duty. 

The following fundamental formule apply to all types’ of 
electromagnets. 

The pull @ of a magnet of the pole surface 5 sq. cm. and the 
magnetic induction (8 lines per sq. cm. is 


2 


Ф = .5 Zee dynes (1) 
8 т 


provided that the air gap between the plunger and the stop is 
very small in proportion to the diameter of the core. 

The magnetic induction ( is equal to the flux Ф in lines divided 
` NoTE:— This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 


the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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by the pole surface of the magnet or the section of the flux 
S in sq. cm. 


© 


@= < lines рег sq. cm. (2) 


The flux Ф can be figured from the magnetomotive force 7 
and the reluctance @ of the magnetic circuit, 
. The magnetomotive force depends upon the number of am- 
pere turns of the electric circuit and can be expressed as follows: 


у= ХА gilbert (3) 


where A is the number of ampere turns of the electric circuit. 
The reluctance (Я of the magnetic circuit is figured from the 
reluctances of its various series or parallel connected parts in the 
same way as we figure the resistance of an electric circuit from 
the resistances of its constituent parts. 
The reluctance of an air gap is equal to its length, / in cm., 
divided by its section in sq. cm. 


R= = oersteds (4) 


The reluctance of a magnetic metal 15 


| 
R= as oersteds (5) 


where и 15 the permeability of the metal, generally iron or steel. 
The magnetic flux ? in maxwells 15: 
і 


_ $ | 
шк; (6) 


It will be seen from (1), (2), (3) and (6) that we сап express 
the pull ? in various ways as follows: 


P=- S= | (7) 


These formulie seem very simple but it is often difficult or 
impossible to apply them. 
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Figs. 1 and 2 represent typical cases where the above formulz 
cannot be applied directly. A and B are iron cores and C is 
the magnetizing coil. We see that the section of the flux in the 
air is infinite and that the length of the different parts of same 
varies between a limited value and ~*. Magnets of such types 
are mostly used for instruments or relays, while our discussions 
will be limited to magnets for comparatively heavy duty. Мар- 


1590 turns 
Licwire 


EB 


Fic. 2 | Fic. 3 


nets of this kind have as a rule a magnetic circuit of definite 
shape (see Fig. 3). 

The principles governing the design of electromagnets are 
entirely different for direct and alternating current. At present 


“Іп his book оп “ Solenoid Electromagnets and Electromagnetic 
Windings " Mr. С. В. Underhill has published several tests made оп 
magnets of such types, and from a comparison of the conditions and re- 
sults of those tests it will in many cases be possible to calculate the 
approximate pull that will be obtained with such magnets. 


` 
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we will only treat the design of the former class, reserving the 
alternating current magnets for a future presentation. 

We distinguish between magnets which have to carry the 
exciting current continuously and those in thich the current 15 
admitted to the coil for only a few seconds or minutes in order to 
perform a certain mechanical operation. 

We may further distinguish between magnets whose main 
function is to exert a certain final pull or pressure, and those 
which perform a certain amount of work, as when the product 
of the initial pull and the stroke is given, though it is often 
difficult to draw the line between these various classes. 

According to the above distinctions we will discuss the follow- 
ing cases separately. ў 

1. Continuously excited magnets for exertion of a certain pull 
or pressure or for a given final pull. 

2. Intermittently excited magnets for the same purpose. 

3. Continuously excited magnets for the performance of a 
certain amount of work or for a given product of initial pull and 
stroke. 

4. Intermittently excited magnets for the same purpose. 

In our analytical investigations regarding the most suitable 
dimensions of plunger type magnets we will make use of the 
following relations between the ordinate of a curve and the 
distance from the origin at which the tangent to the same point 
intersects the axis of the ordinates. 

If b is a function of the variable g, the equation 


= К.р 


expresses а curve which we can make tangent to any curve 1n 
the plane at any point whatsoever by assigning the proper 
values to x and K. 

We will in the following call this curve 
degree x”. 

Any tangent to the curve expressed by the above equation 
intersects the axis of the ordinates at a distance b, from origin. 


i 


“а parabola of the 


ог, in the present case, where 
| 


1 
р= Кх . g* 


m 
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and 


Or 


x 


If we know the value of x this latter equation enables us to 
find by trial the parts of any curve whatsoever which are tangent 
to a parabola of the dcgree x. 

If we further have a function y which is proportional to the 
value of the expression Df or 


y-k'. Df қ 


We know that у will decrease with decreasing values of D if 
the value of f (x) is positive and with increasing values of D if 
the value of f (x) is negative. 

If further the values of D corresponding to positive values of 
f (x) are all larger than any value of D corresponding to nega- 
tive values of the same function we can conclude that y will 
become a minimum for the values of D and x which correspond 
to the equation 


f(x) =0 


In the following examples we will use these formulie in order 
to find the most suitable parts of the magnetization curves, (or 
in some cases the pull curves) for various types of magnets. 


NOMENCLATURE 


A=the number of ampere turns of the winding. 

a=the number of ampere-turns per inch of air gap. 

B —the flux densitv in the air gap in Maxwell’s рег sq. in. 

b —a function of g. ; 

b, =the distance from origin at which the tangent to a certain 
curve intersects with the axis of the ordinate. 
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C=the cost of the electromagnet in cents. 

C,=the cost of one cu. in. of the winding in cents. 

Сз = the cost of one cu. in. of the magnetic circuit. 

D=the outside diameter of the winding in inches. 

d=the diameter of the core (=inside diameter of winding) 
in inches. 


. d А | А 
0 = p^ the ratio of the core diameter to the outside diameter 


of the winding. 
Е =the voltage of the current supply system. 
e=the ratio of the volume of the total magnetic circuit to 
the core of the magnet. 
Ф = magnetic flux in lines (maxwell). 
G=the weight of the electromagnet in Ib. 
С, = Ње weight of one cubic inch of winding in 1b. 
G =the weight of one cu. in. of the magnetic circuit. 
Сз = Һе weight of z cu. in. of winding. 
g=a variable quantity. 
I =the exciting current in amperes. 
K, Ki, Ka, Ку, etc. constants. 


A.=e-—1, if the function y expresses the volume of the magnet. 


e.Gi—Ge . 
m. ` G * if the function y expresses the weight of the 
1 
magnet. 
е C-C: . | 
=- € ?. if the function y expresses the cost of the 
1 
magnet. 


L=the length of the winding in inches. 
/=the air-gap in inches. 
№ = the number of turns per sq. in. of the section of the winding 
п = Фе total number of turns of the winding. 
P = Ис pull required in Ib. 
К «the resistance of m cu. in. of the winding. 
г = Ше resistance of the winding іп ohms. 
S=section of magnet core in sq. ст. 
5S,-the cooling surface of the winding in sq. in. 
V = Ше volume of the electromagnet in cu. in. 
W -the energy required for the excitation of the magnet in 
watts. | 
И, = (ће ratio of this energy to the cooling surface of the coil 
in watts per sq. in. 
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Из = the ratio of this energy to the volume of the coil in watts 
per cu. in. of the winding. 
x, 2=exponents which express the degree of a parabola. 
y=a function which may express V, С or C depending upon 
the values of certain constants (Ke and K3). 


1. CONTINUOUSLY EXCITED MAGNETS FOR A GIVEN FINAL PULL 
OR PRESSURE 


The limiting condition for the compact and cheap design of 
this kind of electromagnets is that the coil must be able to carry 
the exciting current continuously without overheating. 

The magnet must further be able to produce the required 
pressure or pull with a certain air gap which is required in order 
to prevent “ freezing ", to allow for the wear of contacts, or 
to meet other conditions depending upon the application of 
the magnet. 

The pull P in pounds can be expressed by the formule 


Р=1.09 . Bed . 108...... in lb. (8) 


Transposing we can write 


Ba ig a Б 
ог 
B=" . УР....т maxwells per sq. in. | (10) 
Or 
d = 9600 a ...in inches | (11) 


Тһе air-gap is supposed to be so short that the influence of 
the “ fringing " or the pull produced by the flux around the edges 
outside of the air gap can be neglected. 

The induction B for a given magnet 1s a function of the ampere 
turns of the coil. At low densities of the iron В increases 
approximately in proportion to the ampere turns, while at 
higher densities the induction increases slower than the mag- 
netizing current. We will first investigate which part of the 
magnetizing curve is the most economical one to work on. 
For any magnet of given dimensions we can assume that the 
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relation of the flux density to the magnetizing ampere turns is 
expressed by the equation 
| | 
BP=K . А ОГ А--- 28° (12) 
where Х is a positive quantity increasing with the magnetization. 
We have 


А-1.чі-1.м.1.2-4 (13) 


ог 
А? . 4 В" . 4 


dil ee шл а. е зала a a НА. Ее 
Гм и, (ра Кем (DIa 49 


or if we substitute the value of В from equation (10) we can write 


96007 . P* . 4 


2— 0 0 i le A тысын 
P К.а". №. L? (р-а)? (16) 
The resistance of the winding can be expressed as follows: 
2. 12 
Е ҖЕ, (16) 


4 


Тһе surface of the coil which is available for heat dissipation 
or cooling can be expressed as follows: 


S,-L (D+d) x (17) 


We neglect the end surfaces of the winding because they 
do not help to conduct any heat from the center or hottest part 
of the coil. We count however the inside surface of the winding 
as cooling because no heat is produced in the adjacent core and 
therefore the high thermal conductivity of the same helps to cool 
the winding. | 

We can express the energy of excitation as follows: 


W-L(D-d)z.W, (18) 


But it can also be expressed as a function of the current or 
the voltage and the resistance if the winding 


WzlI*.r-— (19) 
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Substituting the values of J? and r from (16) and (17) we can 
write 


9600% . P? . К. (D?—d) L 
L(D+d) т Wi=- к, = Ne р (D—d) 


(20) 


OT 
96007 . P* R 
2 = Е ce íi 
L? (D—d) d ВЕ "Ni (21) 

For any given value of X corresponding to a certain part of the 
magnetizing curve, the quantities at the right hand side of the 
. equation (21) do not vary with L, D or d. 

The ratio A varies with the material of the winding and 
the space factor of same, but is compartively constant for differ- 
ent sizes of wire. 

We can therefore write, approximately 


ІЗ (0-0) d*-K, (22) 
or | 
L D™ (1-6) 6° = К, (23) 


The volume of the electromagnet is equal to the sum of the 
volume of winding and magnetic circuit and can be expressed as 
follows: 


V=L (Did) е. Lo (24) 
or | 
V=L (Рї+(е—1) d) т (25) 
ог 
V=L D? (1+(е—1) ô?) 7 (26) 


The weight of the electromagnet сап be expressed 


2 
G-L(D-d)*- . бү+е1, ск “с (97) 
ОГ 
G=L (rt TES (28) 
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G=L Р? (1+ бсо: | i) Ge. T (29) 


and the cost can be expressed as follows: 


C=L (m+ e Са- С, e) (С; т. (30) 
С, 4 
or 
C=L р? (15-4 О p) Cy. ша (31) 
С, 4 


The equations (25), (26), (28), (29), (30) апа (31) аге of the 


general form 
y=L (D°+ Kz. а”) Кз (32) 


ОГ 


y=L D? (1+{+К.0:) К; (33) 


where у expresses any of the quantities V, G ог С depending upon 
the values we attribute to the constants K-2 and K-3. 

In order to keep the volume, weight or cost of the electro- 
magnet as low as possible we should reduce the value of y to a 
minimum. We may vary the quantities L, D and d, but they 
must always satisfy the equations (22) and (28). 

From the equation (23) in which ô is a positive quantity «1 
we can deduce the following equation: | 


2_1+2х 
ІІл-Кі . (1-5) . ô- . D = (34) 


and this expression substituted in equation (33) gives the fol- 
lowing expression for y: 


1+2х 
у=К! .(1-8)93 . ô . р^ ? (1+К.6) К. (96) 


If the exponent of D is positive, which is the case for low values 
of x and low densities, the function y will decrease with a de- 
crease in the diameter of the magnet core and winding. If this 
exponent 1$ negative, which corresponds to high values of x 
and high densities, у will decrease with an increase in the 
diameter of the magnct core and winding. Ву varying the diam- 
cter, or which amounts to the same, by varying the flux density, 
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we can .thus in either case obtain a decrease in the value of у 
and consequently of the volume, weight or cost of the magnet. 

If the exponent of D is equal to 0 the value of y will not change 
with variations of the diameter. It follows that yis a minimum 
if we work on the part of the curve for which the value of x 
satisfies the equation 


2-12 0 | (36) 
which gives _ 
Tis (37) 
2 
and consequently 3 
B'-K.4A (38) 


The most economical value of the flux density is thus to be 
found on the part of the magnetization curve which 1s a parabola 


of the degree 5. 
The tangent at any point intersects the axis of the ordinate 
at a distance from the origin 


И 
e ре) 


and in the present case where х = = this distance will be 


2 


bi=(1—3) g= 3g (39) 


The,magnetization curve of the magnet is not identical with 
that of the iron alone, because it includes the air gaps as well, 
and its shape varies with the ratio of the air gap to the total 
length of the magnetic circuit. 

In practical cases this ratio may vary from about 0.25 рег. 
cent (for a magnet of $-in. core diameter, g-in. total air gap and 
6-in. length of the magnetic circuit) to about 1.5 per cent (for 
a magnet of 5-in. core diameter i-in. total air gap and 17-in. 
length of the magnetic circuit.) 

In Fig. 4, A B is the magnetization curve for one inch of a 
high grade steel, the line O C representing the magnetization of 
an air gap of 0.0025 in. By adding the ampere turns for each 
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value of B we find the magnetizing curve O D of one inch of iron 
and 0.0025 in. of air, which has the same shape as the magnetizing ` 
curve of the whole magnetic circuit. 

By trial we find the point Е on this curve for which the ordinate 
E F is three times larger than the distance OG. G is the point 
where the tangent at Е intersects the axis ОТ. The cor- 
responding flux density is 81,000 lines per sq. in. or 12,600 lines 
per sq. cm. If the air gap is 1.5 per cent of the length of the 
magnetic circuit the line O C represents the magnetization of the 
air gap corresponding to $ in. of iron. Ш we add to this line 
the ampere turns required for the magnetization of $ in. of iron, 
we find the curve ОН, which represents the magnetization of 


FLUX DENSITY IN LINES PER SQUARE INCH 


10 о 9 40 9 60 TOF 80M 90 100 
AMPERE TURNS PER INCH OF IRON 


Fic. 4 


& in. of iron and 0.0025 in. of air and 15 of the same shape (only 
the scale of the ampere turns is different) as the magnetization 
curve of any magnct with 1.5.per cent air gap. We find by 
trial the point K on this curve, for which the tangent to the 
curve intersects the axis O Y at the point Land K M=3 X OL. 
The corresponding flux density 1s consequently 96,000 lines per 
sq. in. ог 14,900 lines per sq. cm. 

The most economical flux density varies consequently Бе- 
tween 81,000 lines per sq. in. for magnets with small air gaps 
and 96,000 lines for magnets with large air gaps. This den- 
sity increases with the air gap. For average conditions the 
most economical flux density will be approximately 90,000 
lines per sq. in. or 14,000 lines per sq. cm. for steel or wrought 
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iron of high magnetic permeability. For cast iron a correspond- 
ing point on the magnetizing curve of that material should be 
chosen. | 

As soon as the flux density to be used has been decided, the 
core diameter сап be determined from equation (11). There 
still remains to be determined the value of Z and D and these can 
be found as follows: 


Substitute the value E for x in the equation (22) which then 


takes the form 


12 (0-4) = К, (40) 


Te 
E Үз» ы 


Substituting this value of L іп equation (82) we have 


Or 


3 BEEN CN 
у= Кз (D'- Ks 4?) Ң (р D T (42) . 
Differentiating this expression with regard to D we find that 
y becomes a minimum for 


D=d еа 3 К, (43) 


ог | 
а 3 


ô= p =—_*.- _ 44 
D  24+V443 К, ш 


From equations (23) to (28) we сап see that K-2 always is 
>-І and ô is therefore always positive and «1 

The curve Fig. 5 shows the variation of 6 with regard to K-2. 

From the values of d and 6 we find the corresponding value of 
the outside diameter of the winding. 


From the known value of the air gap we can calculate the cor- 
responding number of ampere turns required to carry the flux 
density B through the gap and the iron. 


A=0.314 . B . I (45) 


1058  WIKANDER: ELECTROMAGNETS [June 27 


This equation gives us the number of ampere turns required 
to carry the flux through the air gaps. For the magnetization 
of the iron this value has to be increased from 7 per cent for 
magnets with comparatively large air gaps to 14 per cent for 
magnets with comparatively small gaps (see Fig. 4). 

. From equations (14), (16), (18) and (19) can be deduced 


D?—d? A? . 4 
в —: (Lo тр (pig: "Е О т. Wi (46) 
OT 
| МЕЗЕ 
а VA ` (р-ати, (8%) 


wherein the value of - 25. depends upon the character of the wire 


and its insulation. It varies also slightly with the size of the 

wire. The wire table given on another page shows the variation 

of this quantity for cotton covered wire of the usual sizes. 
For a first approximation we may choose 


, =3.8 . 10% 


The value of W, or the watts dissipated per square inch of the 
winding depends of course upon the conditions of the case. 
Under average conditions it may be sassumed that 1 watt per 
square inch of the cooling surface will produce a rise of tem- 
perature of 100 deg. cent. If we allow a maximum rise of 
40 deg. cent. we should choose W,=0.40. 

Substituting these constants in equation (47) we find the value 
of L. 

Equation (18) gives the value of W. 

Transposing equation (19) gives 


E? 
т (48) 
and transposing equation (16) gives 
P (49) 


~ (D?-qd?) L 
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From the wire table accompanying this paper we find the 
corresponding size of wire. From the same table we find the 
corresponding number of turns N per square inch of the winding 
section.* 

The total number of turns 15 of course 


L (D—d) 


п= № 9 


(50) 


The dimensions of the most economical magnet for a given 
duty are thereby determined. 

From the above deductions we can draw some interesting 
conclusions concerning the design of electromagnets of this 
class: 

1. The most economical density 1s always the one for which . 
the corresponding part of the magnetization curve is a parabola 
of the form: 


2. The absolute value of B depends upon the permeability 
of the iron part of the circuit and upon the length of the air рар, 
but is the same whether we design a magnet of minimum volume, 
minimum weight, or minimum cost. 

3. The ratio of core diameter to outside diameter of the 
winding is independent of air gap, flux densitv and ampere turns, 
and depends only upon the value of the constant Ke, which in 
its turn is dependent upon whether we wish to design a magnet of 
minimum volume, weight, or cost and upon the relation of the 
volume of the total magnetic circuit to the core inside of the coil. 


"This table gives the values of R and N which correspond to the 
theoretical winding space, obtained by assuming that the space occupied 
by each wire is equal to the square of its outsid» diameter. For machine 
wound coils it is always possible to meet this figure, but for hand wound 
coils we must allow from 7 to 18 рег cent more winding space. Тһе 


| R 
values of R and М decrease while the value of yi increases in the same 


proportion. 

For coils of small diameter as used for telephones and instruments the 
increase in winding space amounts to about 7 to 9 per cent while for 
larger coils as used for electromagnetically operated switches, etc., the 
space actually required is about 16 to 18 per cent greater than the one 
theoretically necessary. In either case the excess space required is some- 
what larger for finer wires. 
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2. INTERMITTENTLY EXCITED MAGNETS FOR EXERTION OF CER- 
TAIN PULL OR PRESSURE 


Magnets of this class are as a rule excited for a few moments 
only and at considerable intervals, allowing the winding to cool 
off between each operation. 

The limiting condition for compact and cheap design of such 
magnets is that the thermal capacity of the winding must be 
sufficient for the absorption of the energy dissipated during the 
operation without overheating. 

If we assume Ws watts to be absorbed per cubic inch of the 
winding, the expression for the total energy, corresponding to 
equation (18) is 

WzL -- д ст. W. (51) 

This expression must be equal to the right hand side of equa- 

tton (20) and we can write 


D? — d? ‚ _ 9600% .P*.R.(D—qd).L 


L 4 TWS к, d, м 12 (р-а) (52) 
or, corresponding to equation (22) 
1? (D—d)? = К, (63) 


Equations (24) to (33) apply of course to this class of magnets, 
also 
If we substitute 26 for 4 in equation (53) we have 


L? |х? (1—8)? . 6°*= К, 
hence 
LD=K} . (1-6)? . д.р 2 
Substituting this value in equation (33) we have 


2--2 


у= Ку. (1-5). ô. D 2? .(1+Kô8?). K, (54) 
The most economical saturation will be the one for which 


_ 2-2 x 


2 2 


-0 


Or 
x=] and B-K . A 
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For this class of magnets we should thus work on the part of the 
magnetizing curve for which the induction increases ргорог- 
tionately to the ampere turns, or at the point of the magnetiza- 
tion curve for which the tangent goes through the origin. It is 
interesting to note that this point 1s independent of the air gap 
and can consequently be found from the magnetization curve of 
the iron alone. 

For the iron of which the magnetization curve 1s shown in 
Fig. 5 the most economical flux density for this kind of magnets 
will be found by tracing the tangent O H which gives us the 
point A corresponding to a flux density of 50,000 lines per sq. in. 
or about 7,750 gauss (--Ппев per sq. ст.). 

Knowing the value of B equation (11) gives us the correspond- 
ing core diameter for any pull required. If we insert the value 
of x=1 in equation (63) it takes the form 


(55) 


1? (р-а) Ё = К, 

or 
VK, f 
pec 

(D—d) d 

If ме substitute this value of L in equation (32) it takes the 
form | 

ux D?+ Ke а? 

Differentiating this expression with regard to D we find that 

y becomes a minimum for 


D=d (1+V1+Kz2) 


or 
d 1 


казышы, сыы ы 56 
р 1+ /1 +K: ( ) 
The dotted line in Fig. 5 shows the variation of 6 with regard 
to Ko. 
From the values of d and 6 we find the corresponding value of 
the outside diameter of the winding: 


D=- |. (8T) 


The required number of amperc turns are found from equation 
(45) іп the same way as for magnets of class No. 1. 
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From equations (14), (16), (61) and (19) we can deduce the 
following expression for the length of the winding 
2A | R 1 
L= p.a NN тИ, (68) 


The value of M can be found from the wire table. 


The. value of И’. or the watts to be dissipated per cubic inch 
of the winding depends of course upon the quantity of metal 
contained in one cubic inch of the winding, also upon the ma- 
terial of the wire and the space occupied by the insulation. 

The wire table gives the weight G3 of copper contained in 


== 


VALUE OF THE CONSTANT Kg 


Fic. 5.—Economical ratio of core diameter to outside diameter 
of winding for direct current plunger magnets 


т cubic inches of winding for different sizes of cotton covered 
copper wires. 

If we allow a rise of temperature of 100 deg. cent. after 100 
seconds‘and considering that 1 watt sec. = .000527 pound calor- 
ies and the specific heat of copper = .0951 we find the value of 
W^ as follows: | 


100 . . 0951 
7T И’. = (“3 С 100 T 000527 = 190 G3 (59) 
or | 
И’, =57.51. Gs (60) 


С; varies from 0.352 for No. 35 wire to 0.70 for No. 10 wire. 
For average conditions we can assume G;=0.60 as a first ap- 
proximation. 
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Equation (61) gives us the value of W. 

Equation (48) gives us the value of r. 

Equation (49) gives us the value of R. 

Equation (60) gives us the value of n. 

The dimensions of the magnet are thereby determined. 

Summing up the above investigations we can draw the follow- 
ing conclusion concerning the design of magnets of this class. 

1. The most economical density is on the part of the mag- 
netizing curve just below the “ knee ”. 

2. The value of B depends only upon the magnetic properties 
of the iron. 

3. The ratio of core diameter to outside diameter of winding 
depends only upon the value of the constant К» and is independ- 
ent of air gap, flux density and ampere turns. 


3. CONTINUOUSLY EXCITED MAGNETS FOR THE PERFORMANCE OF 
A CERTAIN AMOUNT OF WORK 


For magnets of this cláss it is generally required that the 
product of the initial pull and the stroke of the magnet shall 
correspond to a certain amount of work. 

In order to calculate the initial pull of a magnet we must 
consider the influence of the “ fringing " which takes place as 
soon as the air gap reaches an appreciable valuc. 

One effect of the fringing 15 an additional flux outside of the 
cylindrical space between the end surfaces of the magnet core, 
and this flux adds considerably to the pull of the magnet. 

Another effect is that this flux increases the induction in the 
iron core to a value considerably in excess of the flux density in 
the air gap, and this effect produces indirectly a decrease of 
the pull. 

Both these effects vary in different ways with the ampere 
turns of the magnet, the material of the magnet core, the length 
of the air gap, the diameter of the core and the shape of the 
magnet. То determine analytically the pull of a magnet with 
considerable air gap from the magnetizing curve of the iron 
. and the shape of the magnet, with any degree of accuracy, is 
rather complicated. 

Any general formule which might be derived to express the 
pull as a function of these data would be too complicated for 
the purpose of our present investigation and we have therefore 
resorted to another method. 

For magnets of approximately the same type, the same quality 
of the iron, the same proportion between air gap and plunger 
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diameter, and the same number of ampere turns per inch of the 
air gap, it will be found that the flux density for corresponding 
points are the same for all sizes of magnets. 

If, therefore, wc take a magnet of any size and determine by 
test the relation between the pull per square inch of the whole 
surface and the excitation in ampere turns per inch of air gap for 
different values of the ratio between air gap.and pole diameter, 
we will obtain a set of curves which apply to all sizes of magnets 
of the type under consideration. 

Fig. 6 represents a set of curves which has been obtained from 
tests of the magnet shown in Fig. 3. | 

Іп order to find the most economical value of {һе pull рег 
square inch of pole surface we apply the following method which 


I 
о 
2. 
*r 
ul 
a 
<- 
2 
С» 


LBS. РЕВ $ 


Fic. 6.—Pull curves for constant air-gap and variable current 
for plunger type magnets 


is based upon the same principle as the one applied to the mag- 
nets of the classes 1 and 2. 

We express the pull P as a function of the diameter of the 
core d, the ampere turns per inch of air gap, a, and a quantity К, 
which may be different for different parts of the curve, but is a 
constant for small variations of P, d and a on any part of the 
curve. i 


Р= К, . ах .@ (61) 


The amount of work which the magnet should perform may be 
expressed as 


б=Р Lor p=% (62) 
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From equations (61) and (62) we derive 
a=K,* . Q* . =. d-* (63) 
And the number of ampere turns 


А=а .1=Ky,* . Ох. I ,d^?* (64) 


Bic, iE E NE ; 
Considering that the ratio 2 15 constant we may write 


А = К; . d | (65) 


From equations (18) апа (65) we can deduce 


2A = 2 Ks . «1—35 


"М РТМ . L (D—d) 


(66) 


Inserting the value of W from equation (18), the value of 
I from (66) and the value of r from equation (16) in the equation 
(19) we have, 


[ = 4 ғо /9-6х К (D? — d?) . L 
L (D+d) v Wi= we L?(D—d)?" Kest , 4 (67) 
or 
L? (D—d) d= К; (68) 
or introducing the value 6 
L? D8 =! (1-6) 6%-2--Қ, (69) 
or 2-6х-1 em 
І Р= Кз. р ? =K; . D? (70) 
This value of L D? substituted in equation (33) gives 
ыр 
у= Кә . D? (71) 


The quantity У which may express the volume, weight ог 
cost of the magnet becomes a minimum if 


3 
3-9 х= 0 (72) 


which gives 
(73) 


= 
| 
мы 
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and consequently if we substitute this value of xin equation (61) 
P=kK, . а?. а? (74) 


Тһе most economical values of the flux density are thus to be 
found oh the parts of the curves, Fig. 6, which are parabolas 
of the degree }. 

The tangent of any parabola of this degree intersects with the 
axis of the ordinate at a distance from the origin 


b= (1-4) P=-P | БЕ; 


" 
| 


„э «шаш» — 
— ее 


30 000 | . | T ът Беке NEU -- 
\ бын 2204 | 
р СЗУ | — & TEE ENT UE 


€— — оь -- 


- FOR | І 
уе 5 CONTINOUS EXCITATION! -G 


| 
1 


0 50 100 ¢ 
LENGTH OF STROKE IN PER CENT OF PLUNGER DIAMETER 


` 

= ECONOMICAL EXCITATION ІМ AMPERE TURNS PER INCH AIR САР 
o 
/ 


1G. 7.—Economical excitation per inch of air-gap 
for plunger type magnets 


From the curves, Fig. 6, we find by trying the most economical 
points on the P curve, the points for which the tangents inter- 
sect the negative part of the axis of the ordinates at a distance 
equal to P. 

We find that this condition is approximately fulfilled bv the 
whole lower part of the P curves, from origin, 0, up to the points 
Al, A2, A3, etc., and conclude that the function y will remain 
constant for all values of pull and corresponding excitation 
between the points 0 and Al, A2, A3, etc. For points above 
these parts of the curves the value of y will increase with 
decreasing diameters. 
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Due to the fact that the value of e which we have assumed 
to be a constant increases somewhat with the diamcter of the 
winding, we choose the points Al, A2, A3, etc., on the P 
curves, ав corresponding to the smallest values of D for which y 
is а minimum. | 

Itisinteresting to note that within the range of our test the most 


economical pull per square inch is the same for all values of T 


and in this case is approximately equal to 27 Ib. per sq. in. 
The number of ampere turns per inch of gap, varies, however, 


| . d И | 
with the ratio - 85 shown 1п Fig. 7, which represents the value 


| 
оға plotted against Т for the most economical points of the 


various P curves. 

In most practical cases the values of the initial pull P and the 
stroke / are given, and we can find the corresponding value of 
d from the equation 


P=K,, . 4? (76) 
ог in our case 
2 
P-2). 21.2 a? (77) 
or 2. | 
d=0.217 VP (78) 


From d and / we find the ratio = апа from the curve Fig. 7 


we find the corresponding number of ampere turns per inch of 
air gap. 

Substituting the value of x=} in equation (68) it takes the 
form 


L? (2—4) d=Ky,, (79) 
or 
= 1 
І-УКһ.- 80 
^^ V(D-d)d е 


Inserting this value of L іп equation (32) it takes the form 


D?+ К. а? 


SW Kay ыж с ы 
i Иа 


К, (81) 
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Differentiating this expression with regard to D we find that y 
becomes a minimum for 


2 TRECE m 
Dieu. inm К» (82) 
or 
; б= а = 8 / . (83) 


D 94/443 K, 


This formule is identical with equation (44) and conscquently 
the solid line curve, Fig. 5 represents the value of 6 corresponding 
to different values of Ke for this class of magnets as well. 

From the value of D we find 


D=< (84) 


The ampcre turns required are 
Аа. | (64) 


Equation (47) gives us the corresponding value of L. 
Equation (18) gives us the corresponding value of W. 
Equation (48) gives us the corresponding value of r. 
Equation (49) gives us the corresponding value of R. 
Equation (50) gives us the corresponding value of п. 

The dimensions of the most economical magnet for the given 
pull and stroke are thereby determined. 

In case the value of L obtained from equation (47) should be 
less than about twice the value of / it is recommended to increase 
L to the said amount and figure the corresponding value of D 
from equation (47) which can be transposed to read 


R A? 
D= E т" (86) 


We then find the other dimensions as indicated above. 

If only the product О=Р1 were given it may be of interest 
to see how the values of P and / should be chosen in order to 
obtain the most economical magnet for a given duty. 
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Let us assume that for the most favorable ratio of 2. Ше 


ampere turns per inch of air gap can be expressed as follows: 


| 
а = Ка ` (3) (86) 
The number of ampere turns is 


А=а .1=К„. Р. d “ (87) 


апа the corresponding value of 17 is found by substituting the 
value of A from equation (87) in equation (14) 


4 Kig . pq 
ыш n hM 
1 №? L? (D—d)? (88) 
Substituting the value of J? from (88), the value of r from 
(16), and the values of W from (18) in equation (19) we derive 


1 (D—d) =Р2°+ d” . К,» (89) 
or 3. 
LD*=Ky . FH . а? (90) 
Substituting this value іп equation (33) it сап be written 
3 
y=Ky . РН. 42" (91) 
=K (1 d?)**! . 4-33 (92) 


From equations (62) and (76) we deduce 

Q=Ky . 14? (93) 
or 
Ld=Q . Ky! (94) 


Substituting the value of / d? from equation (94) in equation 
(92) and considering that Q is constant we may write 


Y-Ki;,.d^* (95) 
Y becomes a minimum for 


1432=0 (96) 
or 


2--і (97) 
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This value of 2 corresponds to a point on the curve а for which 
the tangent intersects the positive side of the axis of the ordinate 


at a distance 
1 7 
ь = (1-(-5)) а---а _ (99) 


Analyzing the part of the curve а represented іп Fig. 7 we 
find that the distance of said intersection from origin іп рго- 
portion to the value of @ is approximately 


3 
һ---4 


and consequently 


4 (100) 
which value substituted іп equation (95) gives 
Ү-Кы.а (101) 


This means that within the range of our test the volume, 
weight or cost of any magnet of this kind increases арргохі- 
mately іп proportion to the core diameter, or, which amounts 
to the same, in inverse proportion to the square root of the 
length of the stroke. | 

From the above investigations we can draw the following 
conclusions regarding the economical design of this class of 
magnets. . 

1. In order to obtain an economical magnet the stroke should 
be chosen as long as the conditions of the case permit. 

2. Тһе section of the core should be chosen so as to give а 
certain pull per square inch, in this case about 27 lb. 

3. From the ratio of diameter of сого to length of stroke wc 
find the necessary ampere turns per inch of stroke. 

4. Тһе ratio of outside diameter of coil to diameter of core 
depends only upon the value of the constant К» and is the same 
as for magnets of class No. 1. | 


4. INTERMITTENTLY EXCITED MAGNETS FOR THE PERFORMANCE 
OF A CERTAIN AMOUNT OF WORK 
For magnets of this class the same method as described in the 


previous chapter can be used in order to find the most economical 
design. 
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Equations (62) to (66) apply to this class as well. 
The equation corresponding to (67) takes the form 


Ф Ké.d-*.(D-d)L в 


L 4 T И’. = L? (D—d)? ТҮ? (102) 
ог | 
І? (D— d)? 45* -* = Кв (103) 
or introducing the value of б--5 
1? Ге“ (1-6), 6 2=K,, (104) 
or 
LD=Ky, . DT (105) 
This value of L D? inserted in equation (33) gives us 
y-Ki;. DG | (106) 
and y becomes a minimum for 
2—3x20 (107) 
Or х= 2 
Substituting this value of x in equation (61) we obtain 
3 
Р-К, . а? ЕЕ (108) 


The most economical values of Р are to be found on the parts 
of the curves Fig. 6, which аге parabolas of the degree 2. 

The tangent of same intersect with the axis of the ordinate at a 
distance from origin: 


| 3 1 | 
һ-(1- S) р=- P (109) 


From the curves, Fig. 6, we find by trial the most economical 
points оп the corresponding P curves. 

These points B, B2, B3, B4, etc., all correspond approxi- 
mately to the value of P equal to 50 1b. per square inch. 

The number of ampere turns per inch of air gap for the most 
economical points of the various P curves vary as shown by the 
dotted line in Fig. 7. 
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If P and / are given we find the corresponding valucs of d 
from the equation 


P= Kig . Ф | (110) 
or 1n our case 
P=50 4 —39.3 a? (111) 
ОГ -— 
а=0.16 VF (112) 


From d and / we find the ratio of 2 апа from the dotted line 


in Fig. 7 we find the corresponding number of ampere-turns 
per inch of stroke. | 

Substituting the value х= 2 in equation (103) it takes the 
form 


L? (D—d)? = К (113) 


or 
= Къ 
L= -3 (D—d) (114) 


If we substitute this value of L in equation (32) it takes the 
form 


УКв сть | 
Differentiating this expression with regard to Р we find that 
y becomes a minimum for 


D=d (14-v1-4 K;) (116) 
OT 
d 1 


OD КЕЛЕ oY 


This formula 1$ identical with equation (66) and consequently 
the dotted line in Fig. 5 will show the relation of 6 to Ke for this 
class of magnets as well. 

Equation (84) gives us the value of D. 

Equation (64) gives us the value of A. 

Equation (59) gives us the value of т И”). 

b Equation (58) gives us the value of L. 
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Equation (61) gives us the value of W. 

Equation (48) gives us the value of r. 

Equation (49) gives us the value of R. 

Equation (50) gives us the value of n. 

The dimensions of the magnet are thereby determined. 

In case the value of L which we obtain from equation (58) 
should be less than about twice the value of / it is recommended 
to increase L to the said amounts and figure the corresponding 
value of D {тот the following equation, which сап be derived 
from equation (58). 


| 2.4 ÎR 1 
D= xd 15240 (118) 


We then find the other dimensions as indicated above. 

If only the product Q=P./ were given it may be of interest 
to see how the values of P and / should be chosen so as to obtain 
the most economical magnet for a given duty. 

We may express the values of a, А and Г? as per equations 
(86), (87) and (88). 

Substituting the values of 17 from (88), r from (16) апа W 
from (51) in equation (19) we derive 


L? (0-4) = + 4%. Ky (119) 
or 
L = Кв. di (120) 


Inserting this value of L D? т equation (33) it can be written: 


у= Ki. (1 d*)*t! 5-2 2 (121) 
Or 
у= К. (Id?)*!.d i (122) 


substituting the value of J d? from equation (94) іп (122) gives 
у= Koo.d ! AE (123) 


Substituting the value of z from equation (100) which approx- 
imately applies to the dotted curve as well (see Fig. 7) gives 


1 


у= Kso.d? (124) 


This equation shows that for magnets of this class, and 
Within the range of our tests, the weight, cost or volume in- 
creases as the square root of the diameter. 


[June 27 


ELECTROMAGNETS 


WIKANDER 


1074 


amnmonmnmoooeceo 
© 
+" 


әлм рәлзәлоэә U07309 3|ButgS 


—— d Ó— 


“эмм рәгәлоо ио330> әгапод 1770’ 
ОҒО 
5050” 


v 

> 

Lond 
сссоссосоосо.-е 


әзом swyo 
ul зуу} 
"Bop gg 
Виршлм 
Jo а 124 
924835159 


ect 
CLE 
76$. 
яғ 
ығ 
FOF 
est 
016 
086 
ЄС” 
ЖАҒА 

oc- 
909. 
229 


сооососоОоооососоосо 


—MM— 


- ВВС 


© 
5 
соососооосоо 


———— 


"ЧТ ui t5 
BulpulaM 
jo sayout 


это x ш | 


Jeddoo jo 
34819 М 


© 
Геб 
с c? 9 (ОВ "ӨТ In Ih ОО фо гә 


— 
< 
bel 


——— 


ir 
oc 
осо + 


© e 
e © 
мосом с 


t- 
— 
e 


——— 


9-01 
ол 
24 


ч 
ont 


% 
| 
0 00801 0t6 
0 0£t66 0 t£r9 
0 0518 € ott 
0 0004 8 666 
0 0009 € EOZ 
0 OSOG 8 ӨРТІ 
0 ООС я 16 
0 осоЕ с 19 
0108 с оғ 
0 OcC€6 98 9с 
0 0605 9921 
О Fell | 9c Tf 
0 ОСРТ | сє} 
0 0911 CON F 
0 ECG RIE 
О ELL со с 
‚ O 056 сево 1 
| О ch £140 
0 rct | 29+ 0 
| 0 68c сос 0 
0 9tc | 9961 0 
$ abl 2610 
0 9С1 | 8150 0 
О Lal | со 0 
A бо | €/tt0 0 
L 68 $6120 0 
N | swyo ut y 
(013935 '34Че} BIP 39 
8шрим де Bulpurm 
‘ut ‘bs Jad jo вәцош 
$4313 jo | опо x jo 
JaquinN 921015152 


, 
| 
C660000 0 | C19600 0 
901000 0 | соко 0 
£c1000 0 80110 0 
£FI000 0 261100 
291000 0 | 866510 0 
261000 0 #01100. 
££c000 0 92210 0 
42000 0 19900 
ett000 0 схо 0 
206000 0 t6610 0 
62L F000 0 6150 0 
055000 0 Ifco 0 
с<07009 0 £06900 0 
698000 0 св Q 
{6010070 9tcto 0 
£66100 0 96сғо 0 
€c6100 0 GREFO 0 
$8000 O , OESFO O 
скхсоо 0 9скео 0 
9rto0 0 схо 0 
GOO 0 Z0€90 0 
eco0 0 косо 0 
+900 0 96020 0 
NMAO0 О [I8SNNO 0 
£2600 O0 |} +1560 0 
110 0 6601 0 
sououl sayout 
3Junbs ul 
UL ƏM КУН 
раз изит раз пит 
30 дэзацир jo 
Jo gsenbs | 2Jo1ouivi(] 


СТС 
сокоо 
50/00” 
соло 
SCO6N00 
t00107 
90110 
FOGTO 
Сео. 
F6CIO 
6/10 
10с0” 
LETTO 
скесо 
ого 
96ІКО” 
68CtO0- 
окоо 
occro- 
GSOCO 
70700 
ОГО 
96120 
TROSO 
T4060 
GLOI 


оэссоссососсоссососо 


>гссоссосососос 


—— | a 


sayout 
ur ‘S$ Pd 
alim 
əaseq 
jo 
Jo OUITIC] 


1911] WIKANDER: ELECTROMAGNETS 1075 


We can sum up the results of these investigations of this 
class of magnets as follows: 

1. If the stroke is not given it should be chosen as long as the 
conditions permit. | 

2. The section of the core should be chosen so as to give а 
certain pull, in the present case about 50 Ib. per sq. in. of plunger 
section. 

3. The required number of ampere turns per square inch 
depends upon the ratio of diameter of core to length of stroke. 

4. The ratio of outside diameter of the winding to the core 
diameter depends only upon the value of the constant K: and 
is the same as for magnets of class No. 2. 
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REMARKS CONCERNING THE APPLICATION OF THE PRECEDING 
THEORY 

When we apply the preceding theory to practical cases we 
should bear in mind that it is based upon several approximations, 
which must be considered bv the designer. 

1. The core diameter is supposed to be equal to the inside 
diameter of the winding. Тһе latter must however be some- 
what bigger in order to allow for the necessary space for insula- 
tion and the outside diameter should be increased in the same 
proportion. 

2. The length of the core is supposed to be equal to the length 
of the winding, but the latter must be somewhat shorter for the 
same reason. 
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3. The ratio of the volume of the total magnetic circuit to the 
volume of the core inside of the winding is supposed to be con- 
stant, but varies always somewhat with the ratio of diameter 
to length of winding, and considerably so for freakish designs 
as represented by Figs. 10 and 11. 

4. For hand-wound coils the extra space required by the 
winding should be taken in consideration. Figs. 8, 9, 10 and 11 


Fic. 10 


represent magnets with such coils figured on the basis of 16 per 
cent extra winding space. | 

5. The accompanying table gives the resistance of воррег wires 
at 20 deg. cent. but the magnets should of course be figured so as 
to give the required pull or do the work at the maximum tem- 
perature for which they are designed. 

6. The theory of the magnets for performance of a certain 
amount of work is based upon tests оп a plunger type magnet of 
the most usual form and with comparatively limited stroke. 
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For very different types this theory should be applied with 
discretion and for comparatively long strokes it will be preferable 
to reduce the pull per square inch of core section. 

Figs. 8 and 9 represent the cheapest and the most compact 
magnets of the first class for a final pull of 1000 lb. and a maxi- 
mum temperature rise of 50 deg. cent for continuous excitation. 

Figs. 10 and 11 represent the corresponding magnets of the 
second class for a final pull of 1000 Ibs. and a temperature rise 
of 100 deg. cent. in 100 seconds. The figures show the freak 
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designs which we would obtain if we did not take the point 3 in 
consideration. | 
The preceding magnets were designed for hand wound coils 
while the following are supposed to have machine wound coils. 
Figs. 12 and 13 represent the cheapest and the most compact 
magnets for the performance of 1000 Ib. inches at continuous 
excitation and 50 deg. cent. maximum temperature rise. Тһе 
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designer would probably prefer shorter and less economical 
magnets or would choose a different type. 

Figs. 14 and 15 represent the corresponding magnets for the 
performance of the same amount of work with intermittent 
excitation and 100 deg. cent. temperature rise 1n 100 seconds. 
The designer would probably always choose the most compact 
of these two magnets which weighs about 40 per cent less than 
the cheapest and costs only 9 per cent morc. 
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THE ELECTRIC STRENGTH OF AIR.—II 


BY JOHN B. WHITEHEAD 


In a former paper' with the title of the present one the author 
described a series of investigations of the conditions under 
which the air breaks down in the neighborhood of clean, round 
wires subjected to high voltage. А principal feature of that 
paper was the description of a method for observing with a 
close degree of accuracy the critical or corona voltage for various 
sizes of wire when centred in cylinders forming the opposite 
side of the source of voltage. There has been a great diversity 
in the values of critical voltage as given by other observers, who 
for the most part have uscd the appearance of the visible corona 
and the readings of instruments in the primary circuits of 
transformers as indications of the voltage at which the air breaks 
down. Тһе method referred to was developed as the result 
of a conviction that the laws governing the loss between high- 
tension lines could not be satisfactorily determined without a 
study and knowledge of the fundamental phenomena. So far 
therefore these investigations have been concerned only with 
the conditions under which the air actually breaks down causing 
a large increase in conductivity and power loss. Тһе results 
of the former paper show among other things that when сог- 
rected for wave form, temperature and pressure the electric 
intensity at the surface of a clean, round conductor, correspond- 
ing to the voltage at which corona starts and loss sets in is a 
constant for each size of wire. This value of surface intensity 
varies with the tempcrature and pressure and is that correspond- 
ing to the maximum value of the voltage wave. It is different 
for different sizes of wire but is independent of the material 


1. J. B. Whitehead, PRocEEpINGS А. 1. E. E., July 1910, p. 1059. 


NoTE:—This paper is їо be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
ог any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 


1079 


1080 WHITEHEAD: ELECTRIC STRENGTH OF AIR [June 27 


of the wire, of the moisture content, and of the amount of free 
ionization in the air. In the present paper some further facts 
bearing on the fundamental relation between diameter and criti- 
cal surface intensity are given, and a series of investigations of 
the influence of stranding a conductor, of variations of at- 
mospheric pressure, and of frequency on the critical electric 
intensity are also described. 

Critical Surface Intensity. Ав used in these papers the term 
“ critical surface intensity ” refers to the voltage gradient at the 
surface of a conductor at which the visible corona appears and 
ionization of the neighboring air with accompanying conduc- 
tivity begins. These two phe- 
nomena are exactly contem- 
poraneous as has been shown 
in the foregoing paper and 
by numerous later observa- T=. /; 
tions. No investigations have : 
been undertaken showing thc oh /| 
variation of the loss above 
the critical voltage. For the 
details of the method by 
which the critical intensity is 
observed to a close degree of 
accuracy the original paper jT G 
must be consulted. The prin- 129 Ес 
ciple is simple, however, and MA 
may be described briefly. The EE m 
wire is stretched along the ы 
axis of a metal cylinder and 
the voltage is applied between Fic. 1 
them. Air may be passed 
through the cvlinder by means of two lateral tubes near 
the ends, the walls of the cylinder at these points being 
drilled with a number of small holes. Close to опе scet 
of these holes a wire mesh clectrode, connected through an 
insulating bushing to a sensitive electroscope, is placed. Ав 
soon as the air around the wire breaks down under increasing 
voltage a rapid and sharply marked leak of the charged elec- 
troscope begins. Observations may be repeated at will, and 
after any interval; when corrected for temperature and pressure 
a most satisfactory constancy of results is obtained. For con- 
venience of reference a sketch of the apparatus is shown in 
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Fig. 1. The constancy of the relation between critical surface 
intensity and diameter of wire was shown by various combina- 
tions of material and sizes of wire and cylinder. The results on 
this portion of the work are plotted in Fig. 2 in which the letters 
А` апа S indicate points observed with aluminum and steel 
wires respectively; the remaining points are for observations 
with copper wire. А formula connecting the value of the critical 
surface intensity with the diameter of the wire has been added 


SURFACE INTENSITY-KILOVOLTS PER CENTIMETER 


DIAMETER MILLIMETERS 
Fic. 2 


to Fig. 2. This formula which refers to the conditions of 
760 mm. pressure and 21 deg. cent. temperature is as follows: 


13.4 i 
Е-32--- 1 
+55 (1) 


in which Е is the critical surface intensity in kilovolts рег centi- 
meter and d is the diameter of the round conductor in centi- 
meters. For the discovery of this simple relation I am indebted 
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to Dr. Alexander Russell. Over the range of diameters covered 
by the observations this law 1s obeyed with remarkable closeness. 
In Table I values calculated from formula (1) are compared with 
'those observed and plotted in the curve of Fig. 2. А column 
showing the percentage error referred to the calculated values is 
also given. It is seen that this error is less than 1 per cent 
throughout the whole curve with the exception of one point which 
represents a reading on aluminum wire. This point actually 
falls outside the curve of Fig. 2 a fact which is due to the im- 
possibility of obtaining a smooth polished surface on an aluminum 
wire. А roughencd surface invariably causes a lowering of the 


TABLE I 


OBSERVED AND PAM are RELATION BETWEEN DIAMETER ОР WIRE 
ND CRITICAL SURFACE INTENSITY 


Surface intensity 


Diameter --------------- ----------- Difference 
cm. Calculated Observed per cent 
0.089 76,950 77,100 +0.19 
0.122 70,400 70,875 +0.67 
0.156 65,950 65,880 --0.1 
0.205 61,600 61,680 +0. 13 
0. 254 58,600 58,750 +0.25 
0.276 57,500 58,002 +0.87 
0.235 55,600 55,020 --1.08 
0.340 54,980 55,100 +0.21 
0.399 53,230 53,050 --0.33 
0.347 | 54,780 54,500 --0.51 
0.475 51,460 51,400 --0.11 


й 


— — — 


critical intensity. Тһе closeness with which this law is obeyed 
makes it reasonably certain that 1t obtains over a wider range of 
diameter. If this be so the value of critical surface intensity for 
a wire of 0.25 in. (0.635 cm.) diameter is 48.8 kilovolts per cm., 
and for 1 cm. diameter, 45.4 kilovolts per cm. Hence the value 
of critical intensity 15 still varying considerably for wires in the 
neighborhood of No. 4/0 B. & S. Such a uniform and regular 
law should prevent all future use of such artificial suggestions 
as that the air in the neighborhood of a wire has a greater electric 
strength than at a distance, and that the thickness of this so- 
called laver becomes constant above a certain diameter. 

The relation which has been described above will only obtain 
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for fixed conditions of pressure and temperature. The laws 
covering the variation of the critical intensity with temperature 
and pressure are apparently within easy reach. It is also to be 
noted however that in actual transmission lines a loss begins at 
values considerably below those corresponding to formula (1). 
There are other disturbing factors which are not so readily 
located but which apparently all take their rise in conditions 
which affect the value of the surface potential gradient of the 
conductor. Thus dirt, or any other irregularities, and as shown 
later in this paper, the stranding of a conductor will lower the 
critical surface intensity. Moisture content of the air has no 
influence. The state of the air as regards the amount of free 
ionization present has been suggested as an important factor. 
Ionization means conductivity and there is a certain amount 
present at all times in the atmosphere. This amount however is 
extremely small. It has been estimated that the number of 
ions present is about 1000 per cubic centimeter of air. The 
charge on each, one of these ions is about 4.6 Х 10-0 с. р. s. 
electrostatic units, ог 1.5 Ж10-® electromagnetic units. Under 
the influence of ionizations of this amount the most sensitive 
electroscopes require an extremely long time, say of the order 
of several days, to lose their charge. The variation from time 
to time and place to place, in the amount of this free ionization 
is very small, say from 1 to 4 or 6 times. The amount of ioniza- 
tion caused by the corona 1s incomparably greater in amount. 
The air becomes extremely conducting and the clectroscope 
loses its charge within a second or two. It follows therefore 
that if the presence of a greater or less quantity of ionization, 
in the air has any influence on the point at which corona sets in, 
a foregoing presence of corona should materially affect the voltage 
at which corona begins again. For example, let us suppose that 
the voltage on a clean round wire 1s raised gradually and carried 
above the corona voltage and then gradually lowered. If the 
presence of a large amount of ionization lowers the critical voltage 
then as the voltage on the wire is lowered the corona should 
continue down to a value lower than that at which it started. 
This is not the case however; the corona ceases at exactly the 
same voltage at which it begins. Further it has been shown 
by the author that for a voltage well above that at which corona 
appears the corona 1$ periodic and begins and ends on the voltage 
wave at approximately the same value. It is readily possible 
to obtain extraneous sources of ionization and in order to secure 
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direct evidence as to the influence of the amount of ionization 
in the atmosphere the following simple experiment was per- 
formed: А clean copper wire 0.156 cm. in diameter was stretched 
at the axis of a cylinder 17.5 cm. in diameter, the cylinder being 
constructed from coarse wire screen with a mesh about one 
centimeter square. А large X-ray tube enclosed in a light-tight 
box was set up immediately adjoining this apparatus. When 
in operation the X-rays ionized the entire region in the 
neighborhood. А rough laboratory electroscope placed on the 
far side of the cylinder lost its charge quite rapidly. "The voltage 
at which the visible corona appears on the wire 1s absolutely 
independent of the state of the X-ray tube. The visible corona 
under these circumstances can be read to an accuracy of $ рег 
cent or even closer, and the above experiment was carried out 
by several observers. Тһе only claim based on experiment 
that such an influence of ionization exists is that. of Ryan? de- 
scribed in his recent А. I. E. E. paper. In this experiment the 
central one of three parallel wires in one plane was connected 
toa static induction machine. The alternating voltage corona 
appeared on the outer wires at a lower voltage when the central 
wire was discharging than when it was not excited. Ryan’s 
conclusion is that the central discharging wire furnishes a supply 
of ions which enable the outer wires to discharge at a lower value 
of voltage. It is obvious as pointed out by the writer in dis- 
cussing the paper that the presence of the central wire raises 
(or lowers) the value of the absolute potential of the outer wires 
above that indicated by the voltage between them. This 
higher potential causes the normal critical surface gradient 
corresponding to the size of the outer wire to be rcached at a 
lower voltage. 

All the facts and phenomena so far observed indicate that the 
state of the air as regards ionization has no influence on the 
value of critical surface intensity. So far as the writer is aware 
there is no experimental evidence in support of the contrary 
contention. It 1s quite possible that the presence of con- 
siderable amounts of ionization may cause a small loss before 
the principal and far greater loss due to the presence of corona 
sets іп. Such a loss would be due to the actual conductivity due 
to the presence of the ions. This conductivity as already 
pointed out is extremely small. In the present state of uncer- 
taintv as to the conditions controlling the critical voltage and 


2. H. J. Ryan, PRockEDiNGós А. I. E. E., January 1911, p. 1. 
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the variation of the loss it appears unwise to confuse the problem 
by the introduction of the ionization theory. This theorv 
has been pushed to extreme lengths and used in the vaguest 
manner to explain discrepancies and unrecognized phenomena. 
Its basic principles are undoubtedly correct and it has been a 
most valuable instrument in the hands of physicists. Corona 
formation is undoubtedly due to secondary ionization, or 1oniza- 
tion by collision, but it 1$ of doubtful wisdom to discuss the ulti- 
mate nature of these phenomena when the simple laws they follow 
have not yet been definitely fixed. To the engineer these laws 
are more important than their explanation in terms of dceper- 
lving and often invisible phenomena. The language of the 
ionization theory is therefore in this paper confined to a dis- 
cussion at the end. | 


EFFECT OF STRANDING THE CONDUCTOR 


It is quite obvious that if the surface intensity 15 the determin- 
ing factor in the voltage at which the corona appears on a given 
conductor, a stranded conductor should have a critical voltage 
lower than that of a solid conductor of a diameter equal to that of 
a circle tangent to the strand. The influence of stranding has 
been studied by Mershor? and his results are contrary to the 
above conclusion. Іп fact, he states that under certain cir- 
cumstances the stranding of a conductor may actually have the 
effect of raising the critical voltage above that of a solid wire of 
diameter equal to the overall diameter of the cable. Jona‘ 
has given an expression due to Levi-Civita from which the 
value of the maximum surface clectric intensity for cables 
of various numbers of strands may be computed. This ex- 
pression involves a hvpergeometrical series whose evaluation 
requires some labor. (опа gives a solution for the particular 
case of six strands in the outer layer. "This solution states that 
the maximum surface intensity occurring in a cable having six 
strands uniformly spaccd in the outer layer is 1.23 times that 
corresponding to a solid wire having the same cross section. The 
expression of Levi-Civita makes no allowance for the spiral of a 
cable. Тһе spiral undoubtedly has the effect of lowering the 
intensity on the outer portions of the strand. Further it is 
much more important to refer the behavior of a stranded con- 
ductor to its outside diameter since іп many cases the interior 


3. Mershon, Transactions А. I. E. E., XXVII, II, p. 886, 1908. 
4. Jona, Trans. Int. Elect. Congress, St. Louis 1904, Vol. II, p. 550. 
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of such conductors is made up of a material different from that of 
the strand. 

An investigation was therefore made of the critical voltage of 
a number of cables of stranding ranging from three to nine con- 
ductors uniformly filling the outer layer. The interior space of 
these conductors was filled with a single wire, or several wires of 
suitable size, but in cach conductor the wires of the outer layer 
were all of the same size, 0.162 cm. diameter. The cables were 
subjected to no special treatment for cleaning or making their 
surfaces smooth other than to run over them with a piece of 
crocus cloth in order to remove any points or other imperfec- 
tions on the round surface of the strands. For the sizes three, 
four and five strands the experiments were performed by mcans 
of the clectroscope method of Fig. 1. Beyond these sizes the 
critical voltage was too high for the insulation of that apparatus 
and resort was had to the visible corona as indication of critical 
voltage. In the smaller sizes mentioned the visible corona and 
electroscope leak were contemporaneous. For the five and six 
strand conductors the outer cylinder was of woven wire made 
carefully circular by wooden forms and of diameter 17.13 cm. 
For the largest sizes the outer cylinder was of 12 in. tin pipe 
about five feet long. Owing to the want of rigidity of this pipe 
its diameter as affecting the value of critical surface intensity 
could not be determined accurately. Comparisons of the values 
in the different cylinders were readily obtained however with 
solid wires and the critical voltage was extremely sharply marked 
by means of the visible corona and also by the sound of the dis- 
charge. The corona was observed through a narrow slit cut in 
the side of the pipe, the latter being maintained at ground po- 
tential. By either of these methods it was possible to repeat the 
readings of the critical voltage to an accuracy well within one 
per cent. A summary of the observations is given in Table IT. 
This table gives the diameter over all and for comparison the 
behavior of a single wire having the same over-all diamcter. 
The values of critical kilovolts are the product of the observed 
primary voltage and the ratio of transformation. Up to 30 
kilovolts the transformer described 1n the earlier paper was used, 
for higher values a 10-kw. 100,000-volt transformer and a 
separate generator had to be employed. A comparison be- 
tween the two as regards wave form was obtained by oscillo- 
grams and by observations on the same conductor excited from 
each source. In the last column of Table II the diameters of the 
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round conductor which would discharge at the same voltage as 
the stranded conductor are given. At the foot of the table there 
are given the results of observations on conductors of three and 


TABLE II 
INFLUENCE OF STRANDING ON CRITICAL VOLTAGE 


Number of Diameter Diameter Diameter 
strands each Diameter outer of equivalent 
in outer strand over all cylinder Critical round 

layer ст. ст. ст. volts conductor 
3 0.162 0.349 52 18,300 
3 162 0.349 ‚52 18,350 0.247 
349 0.349 52 21,540 

4 0.162 0.404 ‚52 20,750 0.32 
0.404 0.404 52 24,250 

5 0.162 0.45 52 22,425 0.373 

1 0.45 0,45 9.52 24,375 

5 0.162 0.45 17.13 26,250 0.37 

1 0.45 0.45 17.13 29,050 

6 0.162 0.49 17.13 28,100 0.42 
0.49 0.49 17.13 30,550 

7 0.162 0.541 29.2 32,880 0.465 
0.541 0.541 29. 38,600 

8 0.162 0.589 29.2 35,000 0.516 

1 0.589 0. 589 29. 40,500 

9 0. 162 0. 64 29.2 36,900 0.567 

. 64 0.64 29.2 42,500 
3 0.157 0.336 9.52 16,675 0.205 
4 0.157 


four strands in which there was no spiral and having approxi- 
mately the same size of strand as that on the others. These 
were made up from carefully cleaned and polished wires with the 
aid of a fine blow flame for soldering. 


1088 WHITEHEAD: ELECTRIC STRENGTH OF AIR [June 27 


. The results are presented in somewhat different form іп 
Table III. The columns A, B and C give the diameter of the 
cable over all, the diameter of a solid conductor of equal section, 
and the diameter of a solid round conductor having a critical 
voltage equal to that of the stranded conductor. The ratios of 
C to B and C to A and the pitch of the spiral, both actual and 
in terms of the corresponding diameter, are given in the re- 
maining columns. The results of Table III are plotted in the 
curves of Fig. 3. The upper curve showing the variation of the 
ratio C to B with the number of strands shows that the critical 


TABLE ІП 


COMPARISON OF STRANDED AND SOLID CONDUCTORS WITH REFERENCE 
TO CRITICAL VOLTAGE 


| | 
| 


Diameter 
Number Diameter of con- | 
о of con-  |ductor with i 
strands Diameter | ductor of equal С С Pitch " 
in outer over all equal critical Ratio - | Ratio — of ' 
1ауег сш. section volts B. A spiral | 
| 
—— 

4 

(А) (В) (С) cm. | Diam- 

eters 
3 0.349 0.272 0.247 0.907 | 0.708 | 3.81 | 10.9 ; 

4 0.404 0.332 0.32 0.965 0.792 3.49 8.6 
5 0.45 0.381 0.37 0.971 0.822 | 4.44 | 9.9 | 
6 0.49 0.430 0.42 0.975 0.857 6.02 | 12.3 
7 0.541 0.48 0.465 | 0.969 0.868 6.66 | 12.3 | 
8 0.589 0.53 0.516 0.975 0.877 | 6.35 | 10.8 | 
| 
9 0.64 0.581 0.567 0.977 0.886 6.98 | 10.9. 
! 
3 0.336 0.27 0.207 0.767 0.616 Мопе 


4 0.378 0.312 6.25 0.802 | 0.665 Мопе 
voltage of a stranded conductor has an approximately constant 
relation to that of a solid wire having the same cross section 
'when the number of strands on the outer layer is above five. 
Тһе relation is that the diameter of a solid wire with the same 
critical voltage is about 97 per cent that of the wire having the 
same cross section as the cable. For fewer strands than five 
there is a sharp decrease in this percentage value showing that 
cables with fewer strands form corona at very much lower 
voltages. | 

The curve showing the relation between the ratio C to А and 
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the number of strands is a very much more convenient indication, 
however, of the behavior of the stranded conductor. This refers 
the behavior of the cable to its own outside diameter, and the 
curve shows, for different numbers of strands, the fraction of 
this outside diameter which as a solid conductor would discharge 
at the same voltage as the cable. It is seen that with a seven- 
strand cable, t.e., with six strands on the outer layer, the critical 
voltage is that corresponding to a solid wire of diameter 0.85 
that of the outside diameter of the cable. With nine strands on 
the outer layer the relation is still less than 0.90. 

In a stranded conductor the strands are always spiralled. 


1.0 
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2. 
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А = ACTUAL OVERALL DIAMETER 
B = DIAMETER OF SOLID WIRE OF EQUAL SECT 
С = DIAM. OF SOLID WIRE WITH EQUAL 


3 4 5 6 1 8 9 
NUMBER ОҒ STRANDS, OUTER LAYER 


Fic. 3.—Critical voltage of stranded conductors referred to 
diameters over all and of equal section 


The pitch of the spirals of the cables described above is given 
in Table III. The spiral arrangement of the strands tends to 
lessen the value of the electric intensity on the outer surfaces 
Since the equipotential surfaces are rendered more nearly 
cylindrical about the axis of the cable. At the bottom of 
Table III are given the results of observations on three- and four- 
Strand cables in which there is no spiral. The results indicate 
the further lowering of the critical voltage when spiralling is 
absent. The ratio C to A falls from 0.71 to 0.61 for the three- 
strand cable, and the difference for the four-strand is somewhat 
greater. The pitch of the spirals investigated does not appear 
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to follow any regular rule. This irregularity however does not 
appear to have any corresponding effect on the points of curves 
of Fig. 3. From this it may be concluded that for a pitch of 
spiral less than 12 diameters there is no gain on the ground of 
lessened surface intensity due to a more uniform distribution 
of the electric field. 

- The presence of the spiral prevents an exact comparison be- 
tween the values of surface intensity as calculated from Levi-. 
Civita’s expression and those observed here. The critical sur- 
face intensity for a 0.162-cm. wire is 66,500 volts per centimeter; 
the critical intensity for a 0.4285-cm. wire which is equal in 
cross section to a cable made up of seven wires 0.162 cm. in 
diameter, 1s 52,240. According to Jona and Levi-Civita the 
maximum intensity on this seven-strand cable is 1.23 52,240 
= 66,050 which corresponds to a primary voltage of 113.9, but 
this cable actually discharges at 112.7 at which voltage the 
maximum intensity using the same relation is 65,300; but it is 
impossible to say whether this lowering is due to the presence 
of the neighboring strands or to the fact that the 0.162-cm. 
wire may discharge at a different intensity when made up into 
a cable than when it stands alone. We can, however, say that 
this 0.162-cm. wire does form the corona when made up into a 
cable at a lower intensity than that at which it will form around 
the wire alone. 

A comparison between the actual intensity as calculated by 
Levi-Civita and that at which corona starts can only be had by 
the use of cables without spirals. As already indicated the solu- 
tion of Levi-Civita’s expression has only been given for the six 
strand conductor which is impossible to make up without a spiral. 
At this writing the author has been unable to obtain the solutions 
of Levi-Civita's expression as applied to cables having three and 
four strands. When these are obtained, however, they will 
permit from the foregoing results a comparison between the 
maximum corona intensity for a single round wire and that 
obtaining at the surface of the same wire when made up into 
a three or four-strand cable without spiral. 


INFLUENCE OF FREQUENCY AND WAVE FORM 


By use of a cathode ray oscillograph in the high-voltage circuit 
Ryan in 1904 showed that the appearance of corona was ac- 
companied by a hump or peak on the charging current wave in 
the neighborhood of the maximum of the voltage wave. The 
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writer by stroboscopic methods has shown that the corona is 
periodic appearing every half cycle and that its first appearance 
with increasing voltage coincides accurately with the maximum 
of the voltage wave. Also the duration of the corona may be 
reduced with lessening voltage to a very small fraction of the 
period of the alternating voltage. Thus a corona which was 
found to exist for only 1/20 of a period at the crest of the voltage 
wave of a 60-cycle circuit was plainly visible in a darkened room. 
It is evident therefore that the interval of time involved in 
corona formation and cessation is extremely short. For these 
reasons it has been supposed that the appearance of corona 
depends only on the maximum value of voltage occurring in the 
cycle and is therefore independent of the frequency. Experi- 
ence with existing lines indicates that if there is an influence of 
frequency it is small for the range between 25 and 60 cycles. 
Тһе closeness with which the critical voltage may be read by the 
methods used in this work gave promise of discovery of any 
small differences due to a variation of frequency. Several 
series of observations were therefore made with different sizes of 
solid round conductor. Тһе method of observation was that 
of the visible corona and the sound accompanying its start. 
The range from 15 to 90 cycles was obtained from two generators 
and the voltage from a 10-kw., 25-cycle, 100,000-volt trans- 
‚ former. Тһе transformer had also a low voltage secondary coil. 
The method of procedure was to raise the voltage gradually for 
each value of the frequency and with room darkened to observe 
the wire through a narrow slit in the wall of the outer cylinder. 
As soon as the corona appeared the voltage was гса from a 
voltmeter connected to the terminals of the low-voltage secondary 
coil of the transformer. It was found that the sound accom- 
panying the corona was quite as reliable as the visible corona as 
an indication of the critical voltage. The results of three sets 
of observations taken on different days are given in Table IV. 
An inspection of the readings will show that the voltage could be 
determined to a close degree of accuracy. Indeed the limiting 
condition of accuracy when the wires are carefully straightened 
and polished 15 found to lie in the constancy of the voltage of the 
circuit rather than in the sharpness with which the corona begins. 
These excellent conditions for observations are somewhat 
impaired at the lowest frequencies where the flicker of the corona 
is perceptible and where the low pitch of the sound of discharge 
renders it difficult to distinguish it from other sounds. Тһе 


- 
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generators were excited from storage batteries and no load other 
than the transformer was on the generator, so that the circuit 
conditions were very constant. 

The results of Table IV are plotted directly in Fig. 4 which 
shows, therefore, the variation of the voltage on the low tension 
secondary winding when the frequency is varied from 17 to 92 
cycles per second for wires 0.343, 0.635 and 0.716 cm. in diameter 


TABLE IV 
INFLUENCE ОР FREQUENCY ON CRITICAL VOLTAGE 
| 0.635 cm. diam. | 
pressure 755 mm. 0.343 cm. diam. pressure 
temp. 14.4°-16° C. 0.716 cm. diam. 752 mm. temp. 14° C. 
AE | лр лысу um mc a 
g б> g o> 4 o> g б> g o> с б> | 
EPI Led Rau otl чё | & ре 
19.6 49 |54  487|17.5| 507 | 63 | 50.7 | 20 33 | 59 33.8 
21.6 48.7; 55 | 48.8 18.7 | 51.2 | 69 49.8 | 22.5 | 33.3 | 55 34.1 
21.7 48 | 58.5) 48.7| 20.5 | 51.2 | 74 49 93.5 | 33.5 | 55 34.1 
25.5 487 60 | 48.5| 20.5 | 51.2 | 80 48.3 | 32 33 50.5 | 33.6 
27.2 48.5 63.7 47.2| 22 | 51.5 | 87 | 47.2 | 37 Ж 50.5 | 33.4 
29.7 48 [69 146 2] 25.5 | 51.6| 92 46.6 | 40 32.5 | 45 | 32.5 
31 өз 73.71 45.7| 27.5 | 51.4 | 77 | 49.2 | 43 32.5 | 45 32.5 
ie 5147.1 78.7 44.9] 29 52.5 | 67 | 50.1 | 48.5 | 33.2 | 42 32.4 
м laza в5 [аа | зт 50.7 | 61.5, 51.6 | 53 34.1 | 38.5 | 32.4 
37.5 46.7 57.5| 49 | 43 50.4 | 56 52.4 | 53 34.1 | 38.5 | 32.4 
38.5 46.7 45 |46.7| 48.5 | 51.1 | 51 | 52 58 в 35 32.6 
41 | 46.7] 49.5: 48.1] 53 52.4 | 46 50.3 | 58 34.1 35 32.6 
44 | 46.5! 45 | 46.7| 57 52.4 | 42.5! 501| 63 32.9 | 32.5 | 32.7 
45 | 46.7: 49.5 48.1| 62.5 | 50.8 | 39 50.3 | 63 32.9 
19.5 48.2 59 52.4 59 33.6 


when placed in the center of a cylinder 120 cm. long and about 
20 cm. in diameter. Тһе dotted breaks in the three curves 
represent the passage from one generator to the other. Тһе 
observations were taken as continuous sets, interruption being 
necessary for only a few seconds to change generators. "There 
were consequently no appreciable variations in temperature or 
pressure. Ascending and descending frequency is indicated 
by crosses and circles respectively. The irregular shape of the 
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curves of Fig. 4 repeated itself accurately in other series of ex- 
periments over the same range of frequency. Since the gen- 
erators were rated at 5 kw., and since the transformer was oper- 
ating over a wide range of frequency at approximately the same 
value of voltage, and its magnetizing current was therefore 
variable, a variation of wave form due to the armature reaction 
of the generator appeared probable. Тһе transformer had a 
capacity of 10 kw. and was designed for 25 cycles. In these ex- 
periments the maximum voltage on the primary winding was 
only one half of the rated value. "The magnetizing current of the 
transformer at full voltage 1s 15 per cent of full load current. 
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CYCLES PER SECOND 
Fic. 4.—Influence of frequency on critical voltage 


It will be seen from these figures that the layging component 
of the generator current was not unduly large. Both generators 
were designed for operating the transformer and they have 
smooth body armatures with flat surface coils. Nevertheless it 
was realized that at the low frequencies the magnetic density 1n 
the field circuit of the generators varied widely from that ob- 
taining at the high values of frequency, and a set of oscillograms 
was carefully taken at seven different frequencies covering the 
range shown on the curve. These oscillograms were all taken 
from the low voltage secondary coil of the transformer and its 
potential was maintained constant at 50 volts. This voltage 
is about the value of the mean obtaining over the curve for the 
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0.716-cm. wire. Тһе ratios of maximum to effective values of 
these waves were then taken from micrometer measurements of 
ordinates spaced 7.5 deg. apart over two half waves. Тһе 
figures of these measurements may be omitted here, but in order 
to give an idea of the conditions of accuracy obtaining the 
following figures are given for two half waves measured from 
the oscillogram corresponding to 44 cycles. These two half waves 
were taken on different portions of the oscillogram. Оп the first 
half 20 ordinates 2 mm. apart were ruled on a dividing engine; 
the height of these successive ordinates could be measured to 0.1 
of a mm. on the same machine. The maximum ordinate was 
31.27 mm. high and the square root of the mean square of all 
the ordinates was 21.26, giving a ratio of maximum to effective 


TABLE V 
INFLUENCE OF FREQUENCY ON WAVE FORM 


Frequency Ratio of maximum to effective value 
15% half wave 2nd half wave Mean | 
35 1.462 1.449 1.445 | 
_ 44 1.474 1.456 1.465 | 
55 1.404 1.398 1.402 | 
60 1.40 1.40 | 
65 1.426 1.41 1.418 | 
81 1.45 | 
91.5. 1.466 1.469 1.468 | 


of 1.474. Similar measurements оп another half wave gave 
1.456 as the ratio of maximum to effective value. А similar 
treatment of other waves at different frequencies gave the 
results shown in Table V. It is seen that the ratio of maximum 
to effective is a minimum somewhere between 50 and 60 cycles, 
1.е., the region corresponding to the peculiar hump on the curves 
of Fig. IV. 

In the curves of Fig. 5 the points indicated are obtained by 
multiplying the values in Fig. 4 by the corresponding ratio of 
maximum to effective for the voltage wave. These curves 
show a lowering of the critical voltage with increasing fre- 
quency. They leave something to be desired in the accurate 
location of the points upon the curves. It should be noted, 
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however, that owing to the magnification of the scale the error 
of the points falling off the curve and of those lying on the low 
frequency portion of the curves of Fig. 4 is only about 1 per cent. 
The measurement of the ratio of maximum to effective value 
from an oscillogram is subject to considerable error. The 
maximum at 55 cycles on the curves of Fig. 4 is brought below 
the values for lower frequencies in Fig. 5 when the correcting 
factor is introduced; and particularly the lowering at 91 cycles 
is far too great to be questioned on the score of a possible error 
of this nature. The curves therefore show with a fair accuracy 
the nature of the variation of the critical voltage with the fre- 
quency. This variation within the range of commercial fre- 


CRITICAL VOLTS, MAXIMUM 


CYCLES PER SECOND 
Fic. 5-—Influence of frequency on critical voltage 


quencies is only about 2 per cent. The lowering of the critical 
voltage at 90 cycles is about 6 per cent: The frequency was 
measured with a Hartmann & Braun vibration frequency indi- 
cator which had been calibrated carefully by means of a tacho- 
meter. А possible influence of the frequency variation оп the 
readings of the Weston electrodynamometer type voltmeter 
was investigated by careful comparison between this instrument 
and a Kelvin multicellular electrostatic voltmeter at the various 
frequencies, and then a check by comparing these two instru- 
ments with a standard direct current Weston voltmeter. No 
Variation was found among the readings of any of the instru- 
ments in these several conditions. 
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The variation of the critical voltage with the frequency 
has not been noticed before. Mershon records results for 40, 
73 and 93 cycles which indicate a rise of the critical voltage with 
the frequency. It should be noted, however, that Mershon's 
definition of critical voltage is taken arbitrarily from his loss 
curves and therefore has no direct or necessary relation to the 
critical voltage as defined in these papers. Ryan worked at 
130 cycles but the description of the apparatus and conditions 
under which his experiments were made are not sufficient to 
permit a comparison between his values and those described 
here. In addition Ryan used the visible corona and did not 
make an accurate investigation of the variation of the wave form 
of alternating voltage. Asa result his values, a few of which are 
indicated in Fig. 2, do not show a regularity which would permit 
differences of 5 or 6 per cent from the values of this paper to be 
detected. In a discussion given later in this paper some further 
comment on the variation of the critical intensity with the fre- 

quency is given. 
| INFLUENCE OF PRESSURE 

The influence of pressure on the various forms of spark dis- 
charge has been closely studied.’ Paschen's law? states that the 
sparking potential for a given spark length is directly propor- 
tional to the pressure; his investigations cover the range of 
pressure between 10 and 75 cm. of mercury. Carr’ has shown 
that this linear relation extends down to pressures of a few 
millimeters if the spark lengths are not greater than one centi- 
meter, but does not obtain for lower pressures. Townsend’ 
has shown that the potential gradient at which secondarv ioniza- 
tion sets in when elcctricity is passing through a gas 15 directly 
proportional to the pressure. Watson® investigated the spark 
length between spheres up to 15 atmospheres and found that the 
sparking potential increases with the pressure in an approxi- 
mately linear relation. From the general similarity between 
the corona and the brush form of the spark discharge a linear 
relation therefore between pressure and critical surface intensity, 
ог the potential gradient at which corona begins, is to be ex- 
pected. Apparently the only study of the influence of pressure 
on the formation of the alternating corona is a single set of 


5. Paschen, Wied. Ann. XXXVII. 79, 1889. 
6. Carr, Proc. Roy. Soc. LXXI, 374, 1903. 
7. Townsend, Phil. Mag. VI, I, 198, 1901. 
8. Watson, Electrician, 62, 851, 1909. 
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observations by Ryan? on a wire 0.32 cm. in diameter placed at 
the centre of a cylinder 22.2 cm. in diameter. He observed the 
alternating voltage at which the visible corona appeared for the 
range of pressure between 45 and 90 cm. of mercury. The 
alternating frequency was 130. The resulting linear relation is 
given as between the kilovolts K actually applied and inches of 
mercury B. K=2.93+0.902 B. 

А series of observations on several sizes of wire with varying 
values of pressure was therefore undertaken. Five sizes of wire 
were investigated with diameters 0.122, 0.156, 0.276, 0.340 
and 0.475 cm. Тһе wires were carefully straightened and 
cleaned and centered accurately on the axis of the apparatus 
which has been briefly described above. Тһе outer cvlinder 
has a diameter of 9.52 cm. In the pressure experiments the 
ends were closed with ebonite caps fastened by insulating rods 
to the metal cylinder; this arrangement was necessary to with- 
stand the pressures above that of the atmosphere. Тһе side 
tubes were also closed with ebonite caps and the leading-in wire 
to the discharge electrode passed through a column of sulphur 
supported in hard rubber. Тһе electroscope was thus outside 
the apparatus proper. Мо troubles with either insulation or 
air leak were encountered with this arrangement within the 
range of pressure 30 to 108 cm. All joints were sealed with 
a mixture of beeswax and resin. Тһе discharge electrode was 
placed inside the upper side tube and within one or two milli- 
meters of the grating formed by the holes drilled in the outer 
cylinder. In the earlier work it was found that a flow of air 
from the cylinder over the electrode contributed little to the 
sharpness with which the starting of the corona was indicated, 
the initial discharge of the electroscope occurring at the same 
value for both moving and stationary air. Тһе results of a 
typical series of observations are given іп table VI. Тһе values 
are those for a wire 0.156 cm. in diameter. It will be noted that 
at each pressure several readings of voltage were taken. This 
was done by raising the voltage gradually until the initial dis- 
charge of the electroscope set in, then lowering, then repeating 
the process. Тһе table also indicates that observations were 
taken over the same range of pressure for ascending and de- 
Scending values. Тһе column showing the critical primary 
volts indicates a very satisfactory constancy in the values. Тһе 
results on the other sizes of wire show a corresponding degree of 


9. Ryan, PROCEEDINGS А. I. E. E., XXIII, 101, 1904. 
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accuracy and the readings are omitted. The degree of con- 
stancy, however, is indicated by the curves of Fig. 6 on which are 
plotted the results for the five sizes of wire which were studied. 
It is scen that the observations as plotted show beyond any 
question that the relation between critical voltage and air 
pressure is a linear one for each size of wire. The values of 


TABLE VI 


INFLUENCE OF PRESSURE ON CRITICAL VOLTAGE. CLEAN COPPER WIRE 
156 CM. DIAMETER IN 9.52 CM. OUTER CYLINDER. ATMOSPHERE 
PRESSURE 759.5 MM. TEMPERATURE IN TUBE 24 DEG. C. 


| Crit. prim. volts i О; темен кезд. 

Ratio 1:125 Right | Left Difference mercury 

102.2, 102.2, 102.2 487.5 | 587.5 | —100 659.5 
97.5, 97.5, 97.2 459 | 605.5 146 613 
91.3 91.3, 91.2 427 628.5 201.5 558 
| 87.2, 87.5, 87.8 407.5 | 642 234.5 525 
| 83. 83.2, 83.4 386.5 | 656 269.5 490 

| 79.9, 80 , 80 367. 669.5 302 457.5 
| 80.5, 80.7, 80.6 371 666.5 295.5 464 
74, 74 , 74 340 688.5 348.5 411 
68.1, 68.1, 68.1 313.5 | 707 393.5 366 

94.2, 94.2. 94.2 439 617 178 581.5 
106.5, 106 , 106.2 499 576. 77.5 682 

114.5, 114.9, 114.8 545.5 | 545. 0 759.5 

Ratio 1:250 

57.5, 57.4, 57.5 | 545. 545.5 | 0 759.5 

59.8, 59.9, 59.8 570.5 | 530.5 | 440 799.5 
61 8, 61.6, 61.7 592 516.5 75.5 835 

64 , 64 , 63.8 618.5 | 499.5 119 878.5 

66 , 641 486 155 914.5 
67.7, 67.7, 67.7 661 473.5 197.5 957 

| 69.8, 70 , 69.9 687.5 | 457 230.5 989.5 

| 71.6, 71.6, 71.7 no | 444 266 1025.5 


critical voltage are, those taken at the primary terminals of the 
transformer. This voltage is directly proportional to the 
corresponding value of potential gradient at the surface of the 
wire. It was shown in the earlier paper that with the trans- 
former used in these experiments the primary voltage was amply 
sufficient indication by means of the ratio of turns of the actual 
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voltage applied between the wire and the cylinder. It 15 of great 
interest to note that the slope of the line showing the relation 
between critical voltage and pressure varies with the size of wire, 
and that this slope is greater the greater the diameter of the 
wire. It should be noted, however, that the values of critical 
voltage as given in Fig. 6 have no particular significance in that 
they apply to a particular combination of wire and opposite 
conductor. А corresponding type of variation is to be expected, 
however, for any particular arrangement of wire and opposite 
conductor. Referring to the readings of table VI the ratios of 
transformation were 1 to 125 and 1 to 250, the frequency 60 
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Fic. 6.—Influence of pressure on critical voltage 


Cycles, and the ratio of the maximum to the effective value of 
alternating wave of electromotive force of the generator at 
100 volts was 1.46. Тһе temperature was 24 deg. cent. Тһе 
equations of the lines of Fig. 6 are readily deduced, but since, 
as already stated, they apply to a particular combination of wire 
and outer cylinder they need not be given here in any further 
elaboration than to state that the equation for the 0.340 cm. 
Wire is | 

У = 17- 0.087 р (2) 
Where У is the actual observed critical primary voltage апа р is 
measured in millimeters of mercury. Similar expressions apply 
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for the other sizes of wire. It is necessary for the purposes of 
universal application to express the relation between the behavior 
of a wire and the pressure in terms of the critical surface intensity, 
or potential gradient at the surface corresponding to the ap- 
pearance of corona. "Тһе values of this critical surface intensity 
have therefore been calculated from the expression 


dV E (3) 


in which E is the maximum value of the potential difference 
between wire of radius r and outer cylinder of radius R. Ex- 
pressed in terms of clectric intensity at which ‘corona begins in 
kilovolts per cm. and pressure in cm. of mercury the equations 
for the five wires of diameters as given above are as follows: 
In these equations correction has been made for the slight altera- 
tion in wave-form, and by reduction to a common basis of values 
at 760 mm. pressure. 

Diameter of wire 


0.122 cm. ov) —16.7 +0.691 2 (4) 
0.156 cm. g ev =14.95+0.66 р (5) 
0.276 ст. 22 =11.6 +0.595 р (6) 
0.340 cm. 2 =10.94+0.56 р (7) 
0.475 ста. 2 CRY) 0,56 10.534 р (8) 


These equations have been plotted in the lines of Fig. 7. Тһе 
variation of the slope of the lincar relation between pressure 
and critical surface intensity 16 still evident although it is not so 
pronounced. It is also to be noted that the variation of the 
critical intensity with pressure is greater the smaller the size 
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of wire. The slope of the linear relation apparently approaches 
a minimum with increasing size of wire. 

If Ryan's results quoted above for 0.317-cm. wire be ex- 
pressed in the same terms used in the formulz above, the re- 
sulting equation 15 


d Y) 6.15+0.744 b (9) 


The slope of this line is greater than that of any of the wires as 
expressed in equations (4) to (8), although the larger size of 
wire should cause the slope to be less than those of the three 
smaller sizes. It is to be noticed further that the initial con- 
stant term of formula (9) is considerably less than any of those 
in formule (4) to (8). Further the value of critical surface 
intensity at 76 cm. pressure indicated by formula (9) is 62.6, 
while that calculated from formula (1), and therefore frequently 
observed by the writer, is 55.7. Ryan used invariably the visible 
corona for indication of initial break down; some of his results 
on wires of different sizes are given as circles in Fig. 2 where 
they are seen to be very irregularly located. Aside from the 
uncertainty of the method of observation, the wave form and 
frequency may have introduced considerable error in the 
results as reported, although that due to frequency would have 
tended to a lower rather than a higher value than those ob- 
tained here at 60 cycles. 

The variation of the linear relation between pressure and 
critical surface intensity with the size wire adds a further diffi- 
culty in the attempt to express in simple terms the behavior of 
any circuit as regards the safe limiting voltage. The fact that 
the critical surface intensity at any one pressure varies with the 
diameter of the wire as shown in Fig. 2 can be taken care of 
quite readily since the relation is a simple one. It is of interest 
therefore to study by inspection the constants of formula (Б) 
to (8), and see if a simple relation between them and the dia- 
meter can be found. These formule are of the general type 


К, +К„} (10) 


In Table VII the values of the diameter of the wire expressed іп 
millimeters and the corresponding values of К, and Kg together 
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with the logarithms of these several quantities are given. The 
relation of d and К, and d and К,» was studied by plotting the 
curves between d and K,, d and log Ki, etc. The only obviously 
simple relation that appeared was that between log d and log K 
which resulted in a straight line. The equation of this straight 
line is 

log K,=log 18.07 —0.41 log d (11) 


from which it may readily be deduced that the relation between 
K, and d in centimeters is as follows: 


К,=7.03 d= (12) 


In Table VII a column is also given showing the values of К, 
as calculated from formula (12). 

A similar study was made of a possible relation between 
d and Kz, the slope of the line showing the relation between 
pressure and critical surface intensity. Curves were plotted as 
before between the several pairs of quantities d, Ke, log d, К», 
etc. In this case also a straight line resulted when log d was 
plotted in combination with log Ke. The equation of the re- 
sulting line is as follows: 


log Кз = 9.8554 — 0.188 log d (13) 


from which it may also be deduced that the relation between 
K and d with d now expressed in centimeters 15 as follows: 


К.-0.464 d 19 (14) 


Values of K calculated from formula (14) are given in Table VII 
and show a fairly satisfactory relation to those observed. 

The relations expressed by formula (12) and (14) do not offer 
promise of any simple factor to take account of pressure varia- 
tion. The expression connecting the critical surface intensity 
in kilovolts per centimeter with the diameter of the wire in 
centimeters and the pressure in centimeters of mercury, at 
21 deg. cent. is 


ар =7.03 а-94--0.464 р d! (15) 
This expression includes the relation given by formula (1). 
For example the critical surface intensity for a wire 0.276 cm. 
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in diameter calculated from formula (1) is 57.2; from formula 
(16) with р taken as 76 the value is 56.8. It would be very 
desirable to extend the investigation of pressure over a wider 
range of sizes of wire. It is reasonably certain, however, in 
view of the consistency with which observations like those 
above may be carried out that the linear relation between 
pressure and critical intensity varies with the size of wire. 
The exponents of d in the two formulz mentioned may suffer 
some modification with further experiment, but it seems quite 
conclusive from the above relations that the relation between 
pressure variation and diameter of wire while simple in form 
will nevertheless introduce an unfortunate complication in any 
final expression which aims to give the critical corona voltage 
for any particular separation and size of parallel conductors for 
the whole range of pressure variation encountered in practice. 


TABLE VII 


INFLUENCE OF PRESSURE ON CRITICAL SURFACE INTENSITY AS 
AFFECTED BY SIZE OF WIRE 


| 
Calculated values 


d 
тт. log 4 к, log К, Кэ log К2 | 
1 Кз 
= | 
1.218 | 0.085 16.7 1.223 0.691 9.339 16.67 0. 69 
1.56 0. 193 14.95 1. 175 0.66 9.82 15.05 0.658 
2.76 0.441 11.6 1.064 0.595 9.775 11.9 0.591 
3.408 | 0.532 10.94 1.039 0.56 9 748 11.1 0.568 
4.75 0.677 9.56 | 0.980 0.534 9.728 9.55 0.53 
DISCUSSION 


So far as the question of the value of voltage at which corona 
will start on a given transmission line is concerned it is probable 
that a sufficiently accurate solution will be reached sooner or 
later by means of experiments of the general character as those 
described above, supplemented by observations on existing 
lines. There is also a fair reason to suppose that а compara- 
tively simple law will be found. For the surface intensity for 
any arrangement and size of cylindrical conductors corresponding 
to a given voltage may be expressed in terms of these constants, 
for standard conditions of temperature and pressure. While 
as above shown the relation between pressure and critical 
voltage varies with the size wire, the law of this variation is 
simple and it may be possible to adopt a mean value of the slope 
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of this linear relation which will apply with sufficient accuracy to 
the sizes of wire encountered in practice. Thus, from Fig. 7, 
it is seen that for wires in the neighborhood of $ cm. in diameter 
the slopes of the lines are approaching each other rapidly. In 
view of the results from the investigation of the influence, of 
pressure it seems probable that the variation with the tempera- 
ture will also be of different form for different sizes of wire. 
Investigations in this direction are very desirable. It may be 


CRITICAL PRIMARY VOLTS 


100 500 600 100 800 900 
PRESSURE: ММ. MERCURY 


Fic. 7.—Influence of pressure on critical surface intensity 


recalled that in the writer’s earlier paper, and in the experi- 
ments of Ryan, it is shown that a linear relation exists for a 
definite size of wire between temperature and critical voltage. 
The effect of stranding the conductor has been studied for only 
one size of strand as yet, but it appears a simple matter with 
some further investigation to express the effect of each of these 
influences in terms of the diameter of the conductor. 

The influence of frequency does not offer promise of expression 
as a simple relation. This influence is so small, however, within 


1911] WHITEIIEAD: ELECTRIC STRENGTII OF AIR 1105 


the limits of frequency met in practice that it may be neglected. 
The state of the atmosphere appears to be of small importance, 
for moisture does not influence the critical voltage nor does its 
state as regards ionization, as is indicated by several considera- 
tions given in an earlier paragraph. Dirt and impurities which on 
settling on the wire cause irregularities of surface may lead to 
brush discharges, and if these are sufficient in number they may 
cause a noticeable loss below the normal critical voltage. It is 
this type of loss which causes the slow initial rise and gradual 
bending in the loss curve below the critical voltage. "These 
facts will probably be taken care of bv a factor of safety multi- 
plying the calculated corona voltage and taking into account all 
of the influences which are sufficiently great to play a part. 

It 1s of great interest to consider the results so far obtained in 
their relation to present theories of the nature of the electric 
conductivity and break down of a gas. Under this theory the 
neutral atoms and molecules of matter may under some cir- 
cumstances be separated into smaller charged particles. "The 
motion of these particles under electric force constitutes an 
electric current. In a gas there are always a small number of 
these free ions present; this number may be greatly augmented 
by Róntgen ravs, ultra-violet light, and other well-known ionizing 
agents. When so ionized currents of magnitudes within easy 
measuring range are obtained between terminals subjected toa 
difference of potential. If this difference of potential 15 increased 
continuously a point is reached where the current is constant 
over a wide range of voltage, which shows that the ions are 
swept out as rapidly as they are formed. Оп further increase of 
potential the current increases sharply showing the presence of 
some new source of ionization. Тһе theory states that these 
new ions are formed by the impact of those already existing, and 
moving with higher velocitv in the increased electric field, with 
the neutral molecules of the gas. This phenomenon has been 
called ionization by collision, or secondary ionization. 

The results of the experiments which have been described 
above are for the most part consistent with the ionization theory. 
The various circumstances surrounding the appearance of corona 
all indicate that it is an instance of secondary ionization. Form- 
ula (1) indicates that near a conductor of large radius, or near a 
plane conductor, the corona intensity approaches а value 
32 kilovolts per cm. Secondary ionization between plane elec- 
trodes in closed vessels at atmospheric pressure has been noticed 
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by several physicists to begin in the neighborhood of 30,000 
volts per cm. "The mass of the elementary negative ion or 
electron is approximately 5.9 х 10-28 grams and the charge it 
carries 15 46Ж10-Ю C.G.S. electrostatic units. In an electric 
field the mechanical force acting on the electron 1s the product 
of the charge and the strength of field. Hence by the laws of 
simple mechanics it is possible to calculate the acceleration, thc 
velocity and the kinetic energy attained by an electron in moving 
a given distance under a given electric intensity. If the mean 
free path of the electron, about 610-75 cm. at atmospheric 
pressure, be the distance betwcen collisions it is thus easy to 
calculate the kinetic energy of the clectron due to the electric 
ficld when it collides with a molecule. This energy is readily 
seen to be equal to p Уе, where ф is the mean free path, V the 
electric intensity in electrostatic units, and e the charge of the 
electron. If, now, the voltage between plane parallel electrodes 
be raised until secondary ionization begins the value of the volt- 
age makes it possible to calculate the energy required to ionize 
a molecule of a gas. In fact the values of the energy required to 
ionize a molecule which are now generally accepted are largely 
based on the determinations of the value of electric intensity at 
which secondary ionization begins. It has been pointed out 
above that the values of this intensity as determined by Town- 
send and others are in close agreement with the value 32,000 
volts per cm. indicated by equation (1) as the lowest value at 
which corona appears. To one skeptical as to the correctness of 
the electron theory, therefore, (and there are many such) all 
that may be said so far 1s that the phenomena of sudden in- 
crease of current through a gas above a certain value of electric 
intensity as observed by Townsend, and that of corona forma- 
tion, are probably due to the same causes. But there arc several 
other independent methods of determining the energy required 
to ionize a molecule of a gas. Тһе values are commonly ех- 
pressed in terms of the potential difference іп volts through which 
the electron must pass in order to acquire energy sufficient to 
produce an ion by collision. The value pertaining to the method 
described above is from 10 to 12 volts. Rutherford from the 
relation between the heating effect of radium and the number 
of ions it produces gives the value of 24 volts. Stark and 
Langevin by independent methods conclude that the values 
are 45 and 60 volts respectively. While the extreme values 
differ by the factor 5 or 6, it must be remembered,that the actual 
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amount of energy required to produce an ion is about 5 х 10-1 
ergs, so that all of these values indicate the same order of mag- 
nitude. Therefore when taken together they constitute a very 
strong reason for supposing the value 5Ж10-1 ergs is close to 
the correct one. If this be true it is good evidence that the 
formation of the corona is actually due to the liberation of ions 
from the neutral molecules of the gas when the latter suffer 
collision from a free electron moving under the force of the clec- 
tric field. That the electron and not a gaseous ion or aggregate 
is the active agent is shown by the shorter free paths of these 
latter which by the relation already given results in a lower value 
of kinetic energy at the time of collision than the values given 
above. It is well known that since secondary ionization depends 
only on the velocity of the ions, and thus on the electric intensity, 
it should within wide limits be independent of the number of 
ions already existing іп the gas. That the electric intensity cor- 
responding to the appearance of corona is independent of the 
state of 1onization of the air has been shown conclusively in an 
earlier paragraph. 

The general influence of a decrease 1n pressure or an incrcase 
in temperature in lowering the critical voltage is quite consistent 
with the ionization theory, for under the kinetic theory of gases 
the free paths of the vibrating molecules and ions arc length- 
ened in these two conditions. During the frec path or interval 
between collisions the ions are accelerated by the electric force, 
and the longer the interval the greater the velocity acquired and 
the more kinetic energy and ionizing power. Hence a given 
amount of energy will be acquired at a lower voltage if the free 
path 15 lengthened. 

Тһе lowering of the critical voltage by an increase in frequency 
is not to be explained so simply. However if within the molecule 
or atom there are a number of electrons in motion or free to move, 
and there is some indirect evidence to this effect, it 1s evident 
that the forced vibrations set up in such a system of electrons 
by an external alternating field will with the increase in fre- 
quency of these vibrations cause the mutual attractions within 
the structure of the atom to become less and less strong and 
therefore more liable to be broken when in collision with an 
extraneous ion. It is surprising however that this effect should 
be noticeable at frequencies so low as 60 to 90 cvcles, for these 
frequencies are incomparably slower than those suggested by 
theory for the vibrations within the atom. The close relation 
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between the first appearance of corona and the peak or maximum 
of the voltage wave is natural іп the light of theory for at at- 
mospheric pressure the mean free path of an electron is about 
6Х10- cms. long and under a field sufficiently strong to ionize 
the gas this path is traversed in about 2107" secs. 

Perhaps the most interesting problem in connection with the 
phenomenon of corona formation is the explanation of the 
greater valucs of electric intensity at which corona starts around 
smaller wires, 7.6., the upward trend of the curve of Fig.2. Why 
should the properties of the air change with a slight alteration 
in the size of a conductor whose diameter is 50,000 times as 
great as the mean free path of the molecule? No tenable ex- 
planation of the curve of Fig. 2 has yet been offered. The at- 
traction to the surface of the conductor of oppositely charged 
ions which pile up as it were and reduce the actual gradient below 
that calculated, and at the same time increase the gas pressure, 
has been suggested in explanation. Both suppositions im- 
mediately include an influence on the value of corona voltage of 
the amount of ionization present in the gas, and this as already 
noticed is contrary to observation. Simple calculation also 
will show that the charge sufficient to materially reduce the 
gradient at the surface of a conductor at corona potential would 
require a number of ions far in excess of the numbers commonly 
present in the atmosphere. Тһе writer using a sensitive optical 
method could find no indication of an increase of pressure at 
the surface of the conductor. It appears probable that the 
explanation of the higher values for smaller wires will be found 
in the lesser surface of these smaller conductors. Secondary 
ionization probably begins with the collisions of a few electrons 
which have free paths longer than the average. With de- 
creasing area of the conductor the number of neighboring elec- 
trons whose free paths exceed a certain length and at the same 
time are subject to the maximum electric intensity will be de- 
creased, and consequently the corona forming the electric in- 
tensity must be higher. 


RESULTS AND CONCLUSIONS 


1. The relation between critical surface intensity, z.e., the 
intensity at which corona starts, and the diameter of a clean 
round conductor may be expressed by the simple law Е=32 
+13.4 495, E being the surface intensity in kilovolts per cm. 
and d the diameter of conductor in cm. 
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2. Stranding a conductor lowers the critical voltage. The 
lowering is greater the fewer the number of strands in the outer 
layer. Expressing the lowering in terms of the diameter of 
wire giving the same critical voltage, the fraction of the overall 
diameter of the stranded conductor for three strands is 0.7 and 
for nine strand 0.88. The values for intermediate numbers of 
strands are also given. 

3. With increasing frequency the corona starts on a given 
conductor at lower values of voltage, the lowering between 25 
and 60 cycles is about 2 per cent, at 90 cycles about 6 per cent. 

4. A linear relation exists between the atmospheric pressure 
and the corona-forming voltage for the range between 30 and 109 
cm. of mercury. The slope of this relation varies however with 
the size wire and the rate of change of critical voltage with the 
pressure is greater the smaller the diameter of the wire. 
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SOLUTION TO PROBLEMS IN SAGS AND SPANS 


BY WM. LE ROY КОЛЕКТЅОМ 


Solutions for sag and span problems occurring in overhead line 
construction have been developed from time to time by many 
authors. Frequently during the process of development one 
author has taken up the work where his predecessor left off and 
has endeavored to make the formula more complete. Such 
solutions heretofore developed are approximate, and apply to 
the case where the sag is very small compared to the span. All 
solutions up to the present time are based upon the assumption 
that a span of wire forms the arc of a parabola. The formule 
are approximately derived and are mathematically inconsistent. 
For instance, the formula for length of arc in a span, instead of 
being derived from the parabola is derived in an approximate 
manner from the circle. Again the stress value is taken at the 
. center of span and assumed to be constant at every point along the 
wire, when in reality it varies at every point, reaching maximum 
values at the supports. Further certain small errors occur in for- 
mula dealing with the effect of changes in temperature and stress. 
Again, in the case whcre one support is higher than the other, 
a certain discrepancy occurs which will be explained later under 
that particular heading. However, when the sag is very small 
compared to the span, the error introduced by the formule 
1s of no practical consequence, although when the sag increases 
sufficiently there may be considerable error introduced. The 
data produced by the solutions are adaptable to a limited num- 
ber of span values and usually are adaptable to only one material. 
Complete recalculation is necessary for a second material. 

The question of large sag is important, and must be considered. 
Relatively larger sags occur in long spans. When abnormal 
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weather conditions cause the wire to stretch, large sags are often 
the result. Again in the case where a difference in height exists 
between supports, it will be found, as described later, that the 
sag is never less than the difference in height between the sup- 
ports, and may be larger. 

In the solution hereafter considered, it is proposed to give 
mathematically consistent and correct formulae and to supply 
data sufficient to solve problems with the least additional com- 
putation. It is also intended that the solution as far as possible 
will be universal and not limited to any particular sag and span 
values, nor to the kind of material. 


SELECTION OF CATENARY 


Plate No. 1 gives a comparison between the equations of 
various curves and actual measurements made upon a span of 
wire. The length of the span is exactly 80 ft. and a comparison 
of the deflection is made as given for a two- and a 10-ft. sag. 
The span of wire which was measured consisted of No. 12 an- 
nealed bare copper. The supports were perfectly level and 
rigid and the transit was used in taking the measurements. 

It will be noted that the suspended wire follows the course 
of the catenary much more closely than it follows the other 
curves. It is possible that some wires under certain conditions 
would perhaps more closely follow the curve of the parabola. 
A stiff, thick wire in a short span would not be expected to follow 
the catenary. 

The results show that when the sag value is small in comparison 
to the span, it is immaterial which curve is used, except the 
circle. 

Considering that wires and cables tend to greater flexibility 
in longer lengths; that spans are as long as 2000 ft. and over; 
that in proportion to the span larger sags are more likely to 
occur in long spans; that, when the supports are at different 
levels, larger sags exist; and that the catenary formulz on the 
whole are probably as simple as any, the catenary seems to be the 
best curve. 

Plate No. 1 also gives a rough idea of the difference existing 
between various formula. The greatest difference is in the 
stress, which in turn would cause an error in the effect of tem- 
perature and stress. 

Formule. Тһе basic principles underlying all solutions to 
sags and spans are set forth in Chapter No. 4, of J. Weisbach's 
“ Theoretical Mechanics ”. 
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Plate No. 2 gives all the necessary formulz based on the cate- 
nary and on level supports. Formula No. 1, is the equation of 
the catenary. Formula No. 2 is derived from formula No. 1. 
No. 3 is the integral equation for length of arc of any curve in 
ordinates of x and y. Formula No. 2, is substituted in No. 3, 
giving the formula No. 4 for length of arc. The remaining 
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formule аге self-explanatory. АП formule up to and including 
No. 7 are derived from the catenary. The others are derived 
independently of the catenary. 

Inspection of the formule show that if the a, x, у, C, S, Н 
and V values be multiplied by a constant K the relations of the 
formule remain unchanged. 
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If we take the value x or the value of span and multiply it 
by two, all the other values in the formulæ will be correct only 
when multiplied by two, іп this case K equals 2. In all the 
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following curves and computations, the constant К is used, апа 
Span is taken at 100, making the value of K equal to the length 
of span divided by 100. The use of the K factor renders the 
following curves adaptable to any value of span. 
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Computations and Curves. In equation No. 1 by substituting 
various a values for a given x value, the corresponding value 
of y and hence the sag can be obtained. Likewise, in Formula 
No. 4, for the same given x value, the corresponding length of arc 
can be obtained by substituting the same various a values and 
in Formula No. 7 the corresponding maximum stress can be ob- 
tained by substituting the y value corresponding to the same 
various a values. 

Obtaining the stress values for various points along the wire, 
by substituting in Formula No. 7 various y values for a given а 
value, and averaging them, the average stress value may be ob- 
tained corresponding to the given a value. This can be repeated 
for all а values. All of the above substitutions must be made 
for the one given x value. 

Formula No. 5 gives the stress value at the center of the span. 

On Plate No. 2 a full set of computations for various selected 
a values is given based on a 100-ft. span where K equals one. 

From these computations three sets of curves are plotted in 
sections. Curve No. 1, between sag and length of arc; Curve 
No. 2, between sag and stress and Curve No. 3, is plotted for 
wires and cables from Formula No. 10, Brown & Sharpe gauge. 

Plates No. 3 and 4, give data on wires and cables, which cover 
tensile strength, modulus of elasticity, ice and wind load on 
wires, etc., all of which make up an important factor in the solu- 
tion of sags and spans. The data, which we have at hand to- 
day, is not sufficient. Wires, when stressed, do not return to 
their original length; there 1s frequently a permanent set. This 
fact is overlooked in previous solutions, which are more or less 
dependent on the wires being perfectly elastic. Mr. O. F. Black- 
well, in a paper read before the International Congress at St. 
Louis, 1904, gives some very good data on the stress and strain 
in wires, where permanent set has taken place. When an an- 
nealed copper wire is stretched, it hardens, becomes somewhat 
` drawn, and increases in strength. There does not seem to be 
available any detail data on this property of wire. Full de- 
tailed data, of this kind, 1s desirable. 
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EFFECT OF CHANGES IN TEMPERATURE AND STRESS 


The effect of a change in temperature or W value is to in- 
crease or decrease the length of wire in a span and thereby alter 
the sag. 

In turn, every chanye in the sag causes a corresponding change 
in the stress. 

For instance, if an increase in temperature alone takes place, 
the wire will lengthen and the sag will increase. Because the sag 
increases, the stress will decrease in turn causing the wire to 
shorten, whereby the sag will tend to decrease. 

An increase in the W value brings about a similar condition. 

The resultant sag is a state of equilibrium between the action 
of the above forces (forces tending to increase sag and forces 
tending to decrease sag.) 

To compute the resultant sag by means of a formula is a diffi- 
cult matter, involving complex equations depending on many vari- 
able quantities. The following 
graphical method employing a 
hypothetical condition is given* 

Change 1n Temperature (Value 
of W Remaining | Constant). 
Given a condition of sag and 
span. From curve No. 1 find 
the length of arc and from curve 
No. 2 find the (average) stress. 
Assume hypothetically that the stress in the wire be removed; 
that the wire contracts to its original length as when unstressed. 
Find length of arc by applying formula No. 9. For a given change 
of temperature, find length of arc as it would be changed from 
the hypothetical length by applying formula No. 8, and find the 
sag corresponding to this length of arc from curve No. 1. Now 
assume hypothetically that the wire is again stressed. Plot a 
curve showing how the sag increases as the stress is gradually 
reapplied. This is done by finding the increased length of arc 
for each value of re-applicd stress by formula No. 9, and the 
corresponding sag from curve No. 1. Plot the newly found 
curve A B, Fig. 1, and where it cuts the regular curve between 
sag and stress, curve No. 2, the point of intersection P gives the 
resultant sag O C and stress O B due to a change in temperature. 
In computing the above curve, one must not overlook the fact 


STRESS 


“бес paper by Н. W. Buck, International Congress, St. Louis, 1904. 


1126 ROBERTSON: SAGS AND SPANS [June 27 


that the stress value must be expressed in terms of K W and the 
sag in terms of K. | 

Change in W Value (Temperature Remaining Constant). 
Given a condition of sag and span. From curve No. 1, find the 
length of arc, and from curve No. 2, the (average) .stress, the 
value of W being normal. Assume hypothetically as before 
that the wire becomes unstressed and find new length of arc by 
formula No. 9, and the corresponding sag from curve No. 1. 
Now assume hypotheticallv that the stress be resumed, but this 
time consider the new value of W, plot a curve between stress 
and sag as before, remembering to properly express the ordinates 
in terms of K W and K and find the resultant sag and stress in 
the same manner. 

The curves and formula are further adaptable in finding re- 
sultant sag and stress when the length of span changes, due to 
poles bending or swaying and cross arms twisting. 


PROBLEM 


Given a 100-ft. span of No. 4 hard drawn copper wire (three 
braids weatherproof) strung in summer at 90 deg. fahr. with a 
sag of six in. Find (1) the resultant sag and stress in winter 
at 10 deg. below zero, and (2) with 4-in. covering of ice. 


Normal,W = 0.164 Ib. PORT ose аном From Plate No. 3 
K=1...K W=0.164..............From Formula No. 11 on Plate No. 2 
Normal sag 26 in. 20.5 К.......... From Formula No. 11 on Plate No. 2 
Normal stress =2,220 К W=364 lb..................From Curve No. 2 
Normalistress = 11,200 lb. рег sq. іп................. From Curve Хо. 3 
Normal length of arc = 100.0068 К = 100.0068 ft....... From Curve No. 1 
First. Length of arc (hypothetically unstressed) 

= 99.9368 К. =99.9368 К.................... .. By Formula No. 9 
Length of arc (decreased by change in temperature) 

= 99.8409 ft. 299.8409 К...................... By Formula No. 8 


Hypothetical curve as follows (stress resumed): 


Assumed stress values | 


p ex Total 1b. | by formule No. 9 алла | 
0 0 | 99.8409 = 99.8409 К Hypothetical 
11000 - 99.9087 = 99.9087 К « 
22000 - 99.9747 = 99.9747 К s 
26250 860 =5240 K W 100.0005 =100.0005 K 0.090 K 
27000 880 =5360 K W 100.0051 =100.0051 K 0.420 K 


28000 920 =5610 K W 100.0112 =100.0112 K 0.655 K 
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Plotting this curve on curve sheet No. 2 (section B) using 
the same ordinates, it is found to intersect at the point P giving: 


Resultant sag =0.240 K =0.240 ft. or 2.9 in. 
Resultant stress = 5300 К W =870 1b. =26,600 Ib. per sq. in. 


Second. New value of W -0.750 lb. per ft......... From Plate No. 3 
Length of arc (hypothetically unstressed, normal W and decreased by 
changes in temperature) 99.8409 =99.8409 К as given above. 
Hypothetical curve (stress resumed (W=0.750 Ib. per ft.) as 
follows: 


Assumed stress values | 
Length of arc Corresponding ва 


Lb. per 
Sq. in. Total lb. by formula No. 9 from curve No. 
0 0 | 99.8409 = 99.8409 К ,  Hypothetical 
27000 880 21170 К W 100.0051 100.0051 К 0.420 K 
28000 920 41230 К W 100.0112 2100.0112 K 0.655 K 
31000 1030 21380 K W 100.0294 = 100. 0294 К 1.050 K 


Plotting curve on curve sheet No. 2 (section B), as before, the 
point of intersection is P giving: 


Resultant sag = 0.950 К 20.950 ft. or 11.4 in. 
Resultant stress 20.1350 К W =1000 1b. 230,000 lb. per sq. in. 


SUPPORTS ON DIFFERENT LEVELS 


In dealing with level supports it seemed unnecessary to define 
sag, but in the case of supports at different levels, it is important 
to consider this function of spans. There are certain other 
conditions which must also be understood. 

бар may be defined as the difference in height between the 
lowest point, or vertex, of the curve, and the point of support. 
With level supports, the vertex of the curve is at the center of 
the span, but with supports at different levels, this is not the 
case. Hereafter, in dealing with supports at different levels, 
the sag will be reckoned from the higher support and the con- 
ditions can best be illustrated in Fig. 2. Неге a series of curves, 
44, B, C, D and E are shown representing a single span of wire 
drawn up at various degrees of tautness between two supports. 
"The curves are produced beyond the lower support in order to 
complete the catenary curve. Starting with curve E and 
drawing the wire tighter, the sag represented by Sz decreases and 
the vertex moves away from the upper and over toward the lower 
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support. When the vertex reaches the lower support, the sag 
equals the difference in height between the supports and if the 
wire is further tightened, the vertex of the curve moves awav 
from both supports and the sag again increases. 

To obtain the relations between sag, stress and length of arc 
. for supports at different levels involves further complex mathe- 
matics. However, a semi-graphical solution may be obtained 
in conjunction with the data and curves already supplied for 
level supports. 

In Fig. 2, take any curve Е. It may be considered as made 
up of two parts, one corresponding to хі, and the other to xo. 
Each part in itself may be considered as half of a separate and 
independent span having level supports, one half having L, for 
given span value and the other having Г. Each span will have 
the same a value. By the proper manipulation of the K factor, 


all values of sag, stress and length of arc may be obtained for 
each span from the curves already given for level supports; and 
then knowing these values, the relations between difference in 
height of supports, sag based on higher support, length of arc 
and stress may be readily computed for the span suspended by 
the supports on different levels. 

To establish a series of curves between the above relations, 
the following method was employed: 

Assume various а values. For each a value select various 
sets of x; and x, values (Fig. 2) whose sum is always constant 
and equal to 100 ft. For each x, and x» value, determine first 
the ratio between x; and x» and then the value of h. From this 
plot а series of curves, one for each a value plotted between the 
ratio of хі to x» and the value of h. 

From these curves the ratio хі to x» may be obtained for апу 
selected even value of h. 
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Select a series of h values. For each value of h obtain from 
the curves the ratio х to x» corresponding to cach of the already 
chosen series of a values. In each case, determine the values for 
хі апа xe, sag, length of arc and stress. 

A series of curves can then be plotted between sag and length 
of arc, one curve for each value of h. In the same manner, а 
series of curves can be plotted between sag and stress, one curve 
for each value of h. 

Such sets of curves will be found included with the curves 
given for level supports. Problems involving the effect of tem- 
perature and stress changes may be solved from these curves in 
the same manner as is done with level supports. 

Fig. 3, illustrates a discrepancy which enters into previous 
solutions offered in sag and spans when considering the cffect 
of temperature and stress changes with non-level supports. 
They produce the portion of the curve between the supports 
represented Бу Ги, until it may be considered as a span on level 
supports represented by Ze, and solution is made accordingly. 
When the effect of temperature and stress changes are consid- 
ered, the sag may increase or decrease and the difference in 
height of supports is altered by an amount represented by Q in 
Fig. 3. If the supports are fixed, hence the discrepancy. 

An interesting fcature of spans on supports at different levcls 
is that when the vertex of the curve lies outside of the two sup- 
ports, there is a small vertical force exerted on the lower support 
tending to lift the support. This may be demonstrated by 
inserting a third support between any two level supports which 
Suspend a span of wire. The third support which should be 
movable, must be placed lower than the lowest point in the 
Original span. The condition represents two spans of wire 
where the center support is the lowest and where in cach span 
the vertex of the curve lies outside of its two supports. If the 
lower support is of material light enough in weight, it will rise. 
At first, it might be supposed that when the difference in 
height of supports increases, the stress values in the span would 
decrease. Upon inspection of the curves, it is found that vety 
high stress values exist when the vertex of the curve lies outside 
Of both poles. In fact, the stress values approach infinity as 
the curve of the span approaches a straight linc, due to being 
drawn taut. 
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SAG CALCULATIONS FOR SUSPENDED WIRES 


BY PERCY H. THOMAS 


The method here described for calculating sags, and strains 
in suspended wires was devised to shorten the process of the 
transmission line computations, especially where the effect of 
temperature is to be considered. Тһе method 16 а semi-graphical 
one and involves no numerical operations other than may be 
performed by the simplest slide rule manipulation. Тһе method 
is based on the assumption that the suspended conductor con- 
forms to the catenarv, which is generally considered to be the 
actual fact, although as far as the writer 1s informed no scientifi- 
cally accurate verification on a large scale under practical con- 
ditions has been attempted. The results obtained by the use 
of the catenary basis will not differ from those derived from the 
usual parabola formulae more than 10 per cent in the strain 
for a sag of 7.5 per cent. For larger sags, however, the dif- 
ference rapidly increases. А description of the use of the method 
will be given, followed by a brief statement of the mathematical 
justification therefor. 


METHOD OF MAKING NUMERICAL DETERMINATIONS 


The problem is the determination of the various quanti- 
ties sag, span, strain and angle of wire at support under any 
definite conditions, and also the effect on these quantities of 
change in load or change in temperature after the wire has been 
secured in position. 

Imagine the given span to be reduced in size, without changing 
the shape of the curve, until the span 15 one foot. Тһе sag will 
then be reduced in direct proportion to the reduction of span, 
in other words the percentage of sag will remain the same. Тһе 


NOTE:— This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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stress in the wire and the length of wire, also, will be reduced 
in the same ratio. Again, the stress in the wire for a given span 
for a definite sag is directly proportional to the weight per foot of 
the wire or the combined effect of weight of wire and ice or of 
the combined effect of the weight of wire and ice and of wind 
pressure. 

In Plate I the curve marked “ Sag" shows the relation be- 
tween the strain in the wire at the point of support, and the sag 
in а onc-foot span with the total load on the wire of one pound 
per foot. 

From this curve the sag in апу span сап be found when the 
length of span, the total load per foot, and the stress to bc al- 


STRESS 


P, P: Ps Р, Р.Р P. 
LENGTH 1.000 1.0004 1.0008 1.0012 1.0016 1.0020 1.0021 1.0025 1.0032 1.0036 1.0040 LENGTH 
мс 0 ос ои 96 08 00 00 04 06 Оз дю OR © ол 


PLATE I.—Sag calculations for suspended wires 


lowed in the wire are given. Divide this allowable stress in 
pounds by the span in feet and by the load per foot on the wire. 
This will give the stress at the support on a span one foot long of 
the same shape having a loading of one pound per foot. From 
the sag curve on Plate I then read the sag (abscissa) correspond- 
ing to this stress (ordinate), which is the actual sag for the one 
foot span. This sag multiplied by the span will be the sag in 
feet of the actual span. 

In case the sag is given instead of the stress, the corresponding 
sag for the one-foot span may be obtained by dividing the given 
sag by the span, both in feet, and the stress for a one-foot span 
may be obtained from the sag curve. From this the stress in the 
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actual conductor may be obtained by multiplying by the span 
in feet and the load on the wire in pounds per foot. 

To determine the effect of change in temperature, find the 
length of the wire in the one-foot span (abscissa) shown on the 
Iength curve on Plate I as corresponding with the stress in the 
wire (ordinate). It should be noted that the sag and the length 
curves in Plate I have the same ordinates, namely, the stress 
values. Since the wire may be assumed to be fastened at the 
supports at the original temperature and sag chosen, no subse- 
quent slipping will occur, and any subsequent change in tem- 
perature will tend to change the length of the wire by expansion, 
and consequently to change the sag. Since the sag 15 extremely 
sensitive to the length of the wire, even the very small changes 
in length resulting from changes in temperature will be im- 
portant. But with every change in sag there is an important 
change in stress, which will change the amount of stretch in the 
wire due to the stress. These two effects are simultaneous and 
are closely interrelated, and must be considered together. Hav- 
ing given the stress and having found the length of wire for the 
corresponding one-foot span, the length of wire without stress 
may be calculated from the modulus of elasticity M, viz., by the 


Stress 
М 
length be marked оп the axis of X in Plate I as at P,, a straight 
line connecting this point with the point on the length curve 
corresponding to the actual stress as already determined, will be 
the stretch curve of the wire with stress. Such a line is marked A. 
On the other hand, if it be assumed that the stress remain 
constant and the temperature change, the wire will change in 
length proportionally with the temperature change іп ас- 
cordance with its proper coefficient of expansion. If it be as- 
Sumed that the sag be desired for every 20 deg. above or below 
the initial temperature, the length of conductor unstressed may 
be calculated for these several temperatures, and these lengths 
marked оп the chart on the axis X as Po, Ps, Ра, etc. These 
points do not represent actual lengths of wire as hung in the 
Span, since they are unstressed lengths, but the actual lengths 
taken by the conductor for the different temperatures can be 
obtained by drawing lines, as А», Аз, Aq, etc., through the several 
points Ро, Рз, P4, etc., parallel to the line A, the stretch curve of 
the wire at the initial temperature, which lines will be the stretch 
Curves for their respective temperatures. The point of inter- 


formula, the elongation or stretch = If this unstressed 
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section of these stretch lines with the length curve will give the 
stresses which the suspended wire will actually have at the 
several temperatures; the sag corresponding for the one-foot 
span can be read on the sag curve from the stress values. The 
sags of the actual span can then be obtained as before by multi- 
plying by the span. 

In some cases where the sag is small the length of wire un- 
stressed will be less than one foot, and so will fall off the plot. 
In Plate I, for example this would occur on copper wire in a 
one-foot span stressed to 12. In such a case the stretch line can 
be found by computing the stresses required to produce anv two 
suitable lengths (as for example, the length under maximum 
stress and the one foot length) and drawing the stretch line 
therethrough. 

Such a stretch line is shown at O,, in Plate I. 

The effect of the accumulation of ice and sleet introduces a 
new condition, since it increases the load per foot on the wire. 
The former stretch curve becomes inapplicable, since it is based 
on a different number of pounds per foot, or load on the wire. 
The stretch in the actual wire represented by a given ordinate, 
if produced by a new condition of loading, other things being 
constant, will be changed from that represented by the old 
loading in the ratio of the change of loading.. That is, if the 
load per foot be doubled, a given ordinate will represent twice 
as great a stress in the actual wire. Therefore the stretch under 
the heavier load can be obtained on plate I by changing the 
stretch, that is the increase of length, at any given ordinate 
or by changing the stress for any given length in the same pro- 
portion as the change in loading. This will give a second 
stretch line, making a different angle with the axis of X, and repre- 
senting the new condition. Such a line for a double loading is 
shown at B, plate I. The point where this line intersects the 
length curve will, as before, give the stress in the one-foot wire 
corresponding to the new temperature. Similar stretch lines 
for the changed loading тау be drawn for any temperatures. 
The new stretch line corresponding to the line О), for the same 
case of new loading is Оз. 

Plate II is similar to plate I, but is intended for actual numeri- 
cal determinations and is drawn to three scales suited to different 
classes of work. Тһе curves of sag and stress on plate II are 
plotted from accurate equations and contain no approximations. 
The expansion of metals with temperature and their stretch with 
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stress do not follow the straight line law exactly, and introduce 
a certain error in this as in any method of calculation. 

The middle curves are intended for sags up to about 2 per 
cent. The left-hand curves from about 2 per cent to 15 per cent, 
and the smaller curves in the upper right-hand corner are useful 
in special cases to show the effect of very large sags. It is clear 
from these curves that after the sag has reached 15 to 20 per cent 
there is little reduction of stress by further increase of sag and an 
actual increase of stress soon results. These smaller curves will 
give an indication of the conditions where a wire has to be 
taken down a precipitous place, giving the equivalent of an 
abnormally large sag. 

Where the height of the two supports is unequal, the length 
of the wire on the two sides of the lowest point of the span are not 
equal. However, the form of the curve and the stresses in each 
half will be the same as if the other part were symmetrical with 
16. If, then, the horizontal distance from the higher support to 
the lowest point of the wire is known, the stress and sag*in this 
portion can be determined as though the whole span were equal 
to twice this distance. If desired, the lesser strain in the other 
portion can be determined in the same manner. Тһе following 
formule give the horizontal distance from the higher support to 
the lowest point of the wire, хи: 


Ху = 5 + р (А) 
dX t үа 
x EN Е Е y 1-2. Mi т m) 


X 1s the span in feet. 

хі is the horizontal distance in feet from the higher support 
to the lowest point of the wire. 

t is the difference in height of the two supports in feet. 

5 is the stress in pounds in the wire at the highest support, 
with one pound per foot load on the conductor. 

d isthe sag in feet measured from the higher point of support. 

Formula (A) is useful when the span and the stress to be al- 
lowed in the wire are given, and formula (B) when the span and 
the sag are given. 

These formule are approximate, formula А is correct within 
2 to 4 per cent when neither sag nor difference in heights of 
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supports exceeds 15 per cent of the span. Formula B has an 
error of less than 1 per cent under these conditions. 
The following examples will make the use of the curves clear. 
Assume the given conditions to be: 
Size wire No. 00 B. & S. copper. 
span 500 ft. 
Safe strength of wire 3140 1b. 
Worst conditions, $ in. of ice all around the wire, at 0 deg. 
fahr. and wind pressure of 8 lb. per square foot. 
Weight of wire and ice per foot, 0.940 lb. wind pressure 
per foot, 0.910 Ib.; resultant force per foot 1.308 1b. 
Then the stress on a one-foot span, for use on plate II 
_ 3140 
~ 1.308 X 500 
From the curve the sag for the one-foot span is 0.028, and 
the sag in the actual span 0.026 X 500 = 13 ft. 
The length of the wire in the one-foot span under these 
worst conditions is 1.00193. The length unstressed is 


30,000 

16,000,000 
elasticity is taken as 16,000,000—a usual value for copper. 
This is the length that would be taken by the actual wire 
as it lies tied on the insulators were it unstressed at this 
temperature, viz., 0 deg. fahr. 

To determine the sags for various conditions when the ice 
is removed and no wind exists, determine the load per foot on the 
conductor under the new condition. If the weight of the wire 
only is to be taken, giving 0.403 pounds per foot, the ratio of this 


1.308 
0.403 


the stretch when plotted on the curve at the same ordinate as 
for the ice and wind condition, would be reduced in the 
same proportion, giving a length 1.000632 instead of 1.00193 as 
before. Тһе new line showing the stretch curve of the wire for 
the no-ice or wind condition must now be drawn from the point 
P, on the axis of X to the new length at the stress 4.8. This 
intersects the length curve at the stress 6.8, the sag for which is 
the value sought, 112., 0.018 for the one-foot span. 

The effect of temperature can be obtained as follows: 

Twenty degrees temperature change will mean a change in 
length of copper wire, other things remaining the same, of 


- 4.8. 


1.00193 — —1.000055 where the modulus of 


to the 1ce and wind condition above is =31. Therefore, 
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0.0000096 X 20 = 0.000192 feet on plate II, using the coefficient 
of expansion 0.0000096. Therefore, the length of wire un- 
stressed for various temperatures will be as follows: 

20 deg., 1.000247; 40 deg., 1.000439; 60 deg., 1.000631; 80 deg., 
1.000823; 100 deg., 1.001015; 120 deg., 1.001207. By drawing 
lines from the several points on the axis of X, parallel to the stretch 
line already determined, (two draughtman’s triangles may very 
conveniently be used for this purpose), a number of points of inter- 
section with the length curve will be obtained, giving the follow- 
ing stress values: for 20 deg., 6.4; for 40 deg., 6.0; 60 deg., 5.7; 
80 deg., 5.3; 100 deg., 5.0; 120 deg., 4.7. Тһе sags cor- 
responding are, for 20 deg., 0.0195; 40 deg., 0.0207; 60 deg., 
0.022; 80 deg., 0.0235; 100 deg., 0.025; 120 deg., 0.0265 on the 
one-foot curve. Sags on the actual span are obtained by multi- 
plying by the span 500 fect, viz., for 20 deg., 0.0195 х 500 = 9.75 ft. ; 
for 40 deg., 10.35 ft.; 60 deg., 11.0 ft.; 80 deg., 11.75 ft.; 100 
deg., 12.5 ft.; 120 deg., 13.25 ft.. 

Other conditions of stress, as high wind without ice and high 
temperature, may be similarly determined. 

To illustrate a case in which the height of supports are un- 
equal, the following example is added: 

Given, high support 40 ft. above the lower; span 500 ft., 
conductor No. 00 copper, allowable stress 3140 lb. Тһе stress 
allowable divided by the pounds per foot on the wire, assuming 
that the conditions are the same as the 1ce conditions of the last 

3140 


1.308 -- 2400. From formula (А) the distance from 


cxample, is 


the high support to the lowest point of the wire is p UM 


—442 ft. Then the span would be 2X442 = 884 ft. if the span 
were symmetrical and both sides like the higher side. Тһе 
calculations for the high side can now be made as before, using 
the span as 884 ft. In determining the effect of temperature 
changes with unequal heights of supports, a certain inaccuracv 
is introduced by the assumption that the length of equivalent 
span remains the same; but this can be neglected, except where 
‘ the conditions require close working. It is evident that the 
effect of temperature changes in such a span will beless than they 
would be in a span twice the value хі; and more than would 
be the case with a span twice the length of X —x,; that is, the 
distance from the lower support to the lowest point on the wire. 
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Where the span instead of the stress is given, the formula 
(B) may be used and the rest of the computation remains the 
same. 
The sine of the angle made by the wire with the horizontal 
is 4 the length of wire in the span divided by the strain with one 
lb. per ft. weight of wire, and may be obtained from the length 
curve. In Plate I, with the length of wire=1.002, the strain 
1002 

= 4.7 and the sine= 2 =0.107, and the angle=6 deg, 7 min. 
4.7 

The sag for this point =0.0265 per cent. 


APPENDIX 


The curves of the plates in the present paper are obtained in 
the following manner: 

The equation of the catenary corresponding in position to 
the span wire is | 


y- (e tex) 


where Р represents the distance of the lowest point of the catenary 
above the axis of X (not, however, above the ground). 

The sag corresponding to any point x y on this curve is y — A. 
The sine of the angle made by the tangent of the curve at this 


2. Му 2 
point with the verticle is ^ ci. The length of the curve 
from the lowest point to the point (х y) is Vy?—h?=4 the 
length shown on the curves. Тһе stress along the wire at the 
point x y is the total weight (one lb. per ft. assumed) divided 
by the sine of the angle thetangent makes with the vertical, — 


ЕС 2 
Му =k? + -— =y. This is a very simple and interesting 


relation. These equations give the basis for all the necessary 
data for the curve. In the actual calculations а number of 
suitable values of h and x were assumed and the other quan- 
tities calculated from these equations. These values were re- 
duced, of course, to a one-foot span by dividing in each case 
(except for total length of wire) bv 2 x.. In the case of total 
length of wire the length 2 М y? — hk? must be divided by 2 x. 

The formula for supports of uneven height are derived as fol- 
lows: 
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Let А and l} respectively be the lengths of wire from the 
lowest point of the conductor to the higher and the lower points 
of support, and L the total length of the wire. As before 
xı yı and x» yz are the coórdinates of the wire respectively at the 
higher and the lower points of support, and ¢ equals the dif- 
ference in height of supports. 

From the general formula for length on the catenary, h= 
VyP—h? and у= М0; 1 = у and у= V (L—1)? +k? 
but у. =/= ys, then V12+h? —t=V(L—1,)? +? 


—21NV 13 +М=134—2 1,1, (C) 
But S=y=VL2+h 
Therefore 2-9225-12-9211, апа 


L 
h=z tr, (5-4) 


Since E will be small compared with 5 it may usually be 


omitted. Also, since / and L respectively nearly equal x and X 
for prevalent values of sag, the latter values may be substituted 
for the former, giving formula (A) above, viz., 


OX ts 


p $e (А) 


Again: sag = yı—h=d combining this with the equation for 


2—2 
length [2 =y? —k?, h= 22 2 ‚ combining this with equation 
(C) above. 
12-а 2 р 
2—21 i +( 5 d -) -12-211, 
апа 


1140 THOMAS: SAG CALCULATIONS [June 27 


In this equation only the negative sign of the radical meets the 
conditions of the problem. The quantity 2/12 wil always 
be small in practical transmission work, and may be omitted, 
since //d will always be less than 1. The same substitution of 
x for 1 and X for L may be made as in the case of formula (A) 
and we then have formula (B), vız., 


кер Dein) ® 
which, by an algebraic transformation equals 
vd 
Vd—-t+ Vd 


(B) 


It is interesting to note that this latter form is the formula 
derived from the parabolic curve for determining the same 
quantity. 

By the formula already given, the sine of the angle with the 


Ув 


horizontal made Бу the wire at the point x y is 


rived from the catenary equation. But у y?—#? is the length of 
wire from the lowest point to the point x y, and y is the total 
strain in the wire with one lb. per ft. load. "Therefore, the 
angle can be readily calculated from the plotted length curve 
in the one-foot span, taking for V y?— h? one-half the length on 
the length curve. 

The values from which the curves are plotted are as follows: 


Length Sag Strain 
L.0000042.. sib ERST (ЛИТ 3 ол Vr ква S кен es 100. 0013 
ТОЮ ТЫ ы dur hi eet ER 0: 00138 о а ЕТЕНЕ ПЕ 90.9105 
1.0ОООО6б1....................... O ООЛ О 552 залы A тн ҰЗ 83.3348 
1: 0000071... 4 oua EX ык ERES ШИРА: tess: ха US ded vt ey 76.9247 
I1 200000582. алы us БА PEE RS OOO Оззи ыты oh a VOL eer Ri xg 71.4303 
1.0000094....................... DE piro I 66. 6685 
ОООО ТО о T xe ERRORES 0-00 200. cu oda de erae нн ыы be de ә 62.5020 
ООО оо юж иж кк 0002 Cr 58.8257 
1.0000136.. оон тыл ғ» 0:01). ук ғал ын Кк жениш 55.5518 
О арен о ои ИЕ 02.6339 
1,00001647.4 Oo xou тазы ҰРАНДЫ ООО? БО КИТТІ ТТТ 50.0025 
12000020 Ei дузы ку уж» OU aka ONO нк т ГТС” 40.0031 
100003 Е suci eese уау уш жум» O OUO Ж» via ae о И Ны 33.3371 
о a ВОО. 28 5158 
1.00О0О667....................... ооо ира 25.0050 
ТООТОН ореола oe Bis ee eG O OUO DOC he ta Sala test: airy жш бй агыш 20.0063 
В ases dua анааан С БЕН ТТК 16.6742 
ОБО зала tk Sao RI ee tdi eds О АН 12.5100 
ОЕ о ха eot ict e ООО хуш шынты ша Maris dede 10.0125 
ООО n4 денле а BR ERE 0 :01500. БЕККЕ РЕАК 8.3483 


кі кі ма -2 мі к pù м4 ы ка м4 ма те і4 үш |ма |ә 


. 000817 


‚001351 
. 001668 
‚002017 
002402 
003754 
. 006680 
‚010444 
. 015068 
. 020542 
. 026881 
.034093 
.042191 
.051185 
. 061089 
.083691 
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DEPRECIATION А5 RELATED TO ELECTRICAL 
PROPERTIES 


BY HENRY FLOY 
INTRODUCTORY 

There 1$ to-day probably no subject requiring more illumina- 
tion and coórdination by the engineering profession than that 
of depreciation. Тһе recent generally recognized necessity on 
the part of individuals and corporations, and the increasingly 
insistent demands by commissions, legislatures, and courts for 
proper allowances covering the reduction in worth of physical 
properties—be it more or less rapid—has resulted in a di- 
vergence of thought and a lack of uniformity of practice that 1$ 
bewildering. 

The important and wide use actually made of depreciation 
both in figuring operating expenses and nct carnings, as well as in 
the determination of present values of physical properties, 
through appraisals, for purposes of taxation, rate making, capi- 
talization or sale, make the subject of paramount importance to 
the engineer, so that the almost total absence, not alone of an 
approved theory of depreciation, but even the marked meagre- 
ness of authoritative literature on the subject, is striking. 
While certain methods have been developed and some general 
principles have been widely accepted, nevertheless, trustworthy 
engineering data on depreciation are excecdinglv scarce, the 
application of methods of estimating depreciation varies widely 
and even the terms employed are used in a vague and contra- 
dictory manner. 

This state of affairs exists as the result of a number of con- 
ditions, chief of which may be mentioned: 

а. Confusion and non-uniformity always results from new 


NOTE:—This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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and sudden demands to meet unforeseen and unexpectedly de- 
veloped conditions. 

b. The subject involves not alone the broadest engineering 
knowledge, but also some of the deepest economic questions, in 
both of which sciences but few men have had wide experience. 

c. The engineers—by reason of the rapid, marvelous and revo- 
lutionary developments within recent vears—have available 
comparatively few correlated facts and figures on which to base 
conclusions in order to safely prejudge the future. 

d. The results obtained under different conditions of operation 
are so varied, the experience of different engineers on which 
conclusions are attempted to be based are so diversified; and 
finally, the training, personality and prejudice of many experts 
so largely qualify their opinions that unanimous conclusions 
have been impossible. 

For whatever purpose the subject of depreciation may be 
considered, whether to establish reserve funds or to estimate the 
present value of property either in connection with “ original 
costs ” or “ cost to reproduce new ”’, it is essential that the work 
of the engincer stand the scrutiny of the courts, so that frequent 
reference herein will be made to judicial rulings. While many 
court decisions seem more or less contradictory and the Supreme 
Court has not squarely passed on proper methods for estimating 
depreciation many recent decisions are enlightening, in deter- 
mining a theory of depreciation. 

The courts repeatedly use “ fair value ” as the only one which 
should be recognized and it is this value that the engineer must . 
bear in mind when estimating depreciation. Ав shown hereafter 
under ‘‘Going Value," fair value includes something in addition 
to phvsical values in which the engineer is primarily interested. 
But what is the “ fair value ” of the physical property? 

It must be admitted that where engincers of experience, good 
judgment and integrity, appointed even by opposite ''sides ” 
may be expected to approximately agree on the “ original cost ” 
ог the “* cost to reproduce new " they differ much more widely 
in attempting to determine depreciation. This in part arises 
from honest differences of opinion, as the problems are not 
possible of exact mathematical solution and the gradations from 
one class of depreciation to another are frequently so gradual 
as to be barely distinguishable. Moreover, there is much, 
evidently sincere but nevertheless mistaken, opposition to the 
application of any principle of depreciation in determining the 
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value of going properties; and yet, a consideration of what 
depreciation—if any—has taken place in the physical property 
of every corporation must be had, in order to obtain a safe— 
though it may be very approximate—indication as to proper 
or improper capitalization. 

some authorities hold that it makes no difference, and the 
engineer 1s not interested in the purpose for which the values 
determined by him are to be used; that in engineering work, 
facts and figures, modified as little as practicable by personal 
opinion, are alone to be taken into account, and that the answer 
is to be the same whether the results are to be used as a basis for 
making rates, or assessing taxes, or realization from a sale, or the 
issuance of securitics. While this position may be correct with 
reference to ascertaining “ original costs ” or '' cost to reproduce 
new '', it certainly does not apply when depreciation is considered 
because there are different classes of depreciation and the term 
is used to mean several different things, as shown more fully 
below and under the paragraph ‘ Absolute and Theoretical 
Depreciation ”; hence, the expert should know for what purpose 
his depreciation figures are to be used. 

No attempt will be made in this paper to determine the ap- 
propriate relation of physical to intangible or capitalization 
values; nor will it consider, in the application of methods of de- 
preciation, whether “original cost " or “cost to reproduce 
new ” is the proper basis for determining the present value of the 
physical property. 


APPLICATION OF TERMs 


Depreciation, like perpetual motion, 1mplies constant action; 
but only in this are they alike, for as the practitioner knows, 
depreciation is an inexorable reality while perpetual motion 
is but an alluring chimera. Webster defines “ Depreciation ” 
as the ‘‘ act or state of lessening the worth of '', and in this sense 
it will be used by the writer regardless of the source or method 
of worth reduction, or by what means it may or may not be 
removed. The term “ amortization " has been used somewhat 
indiscriminately for depreciation, but it should properly be 
applied only to the laying aside of funds at a uniform rate for 
the ultimate replacement of capital investment; and in this 
Sense alone will be used by the author. 

Depreciation has been uscd to mean: 

1. The annual amount expressed, as a percentage or in dollars, 
that should be laid aside to renewor replace the article in question 
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at the time of its abandonment. In this use of the term, the 
loss of worth, which сап be made good or replaced through ordi- 
nary maintcnance or repairs, is not included as a part of deprecia- 
tion, but is provided as a part of the regular operating expenses. 
This, until comparatively recently, was the more common use of 
the term depreciation which was applied particularly to renewals 
and replacements. Used in this sense, the term '' depreciation "' 
is somewhat academic and theoretical, and may or may not repre- 
sent any actual financial outlay. 

“ Depreciation does not represent actual expenditure but the amount 


properly reserved to offset the loss in value occurring to the operating 
plant.’’* 


2. The annual amount expressed, as a percentage or in dollars, 
that should be laid aside to renew or replace the article in ques- 
tion at the time of its abandonment, plus the annual expense of 
maintenance and repair expended in removing such part of 
depreciation as is practicable and good economy. This then 
includes all classes of '' lessening of worth ” and is the application 
of the term preferred by the writer and used by the New York 
Public Service Commissions in their rules for uniform accounting: 

“ The next important step to be taken by the corporation is to de- 
termine what amount should be set aside month by month to cover wear 
and tear, obsolescence and inadequacy— repairs, renewals, replacements 
and other depreciation.” t 

3. The total amount—it may be the sum of several years of 
depreciation—expressed іп a percentage or in dollars, that must 
be deducted from the “original cost " or the '' cost to reproduce 
new "іп order to obtain the present value. The determination 
of the amount of depreciation at a given time, in connection 
with the valuation of a property, is mcrely the summation of the 
annual accrued amounts of deterioration, which, from the time 
of installation, have been continuously reducing the worth of 
the property, less such value as has been restored by expendi- 
tures for wear and tear, replacements and renewals. 

Physical Value. This expression is usually recognized to 
represent those elements of cost incurred in installing and putting 
the physical property in a condition to Беріп operation. It. 
includes primarily, ‘ those things which are visible and tangible, 

*Cunningham vs. Chippewa Falls Water Works and Lighting Company, 
Railroad Commission of Wisconsin. 


TReport of the Commussion adopted December 8, 1908, in the matter 
of '' Uniform Systems of Accounts for Public Service Corporations.” 
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capable of being inventoried;"f but secondarily, certain non- 
physical charges “ which аге an inseparable part of the cost of 
construction but which do not appear in the inventory of the 
completed property.’’f These secondary values which are to 
be included as a part of the physical property are expenditures 
for such items as: 

1. Engineers’ and architects’ fees, including cost of design 
and testing all construction and equipment, ctc. 

2. Administration expenses chargeable to construction, in- 
cluding superintendence, inspection, accounting, salaries of 
officers and clerks, consents of authorities and property owners 
for temporary work or use, legal expenses, rent, printing, store- 
room expenses, ctc. 

3. Provision for various incidentals and contingencies, in- 
complete inventories, unforeseen requirements, etc., which prac- 
tical experience has shown to be necessary. 

Development Expenses, Intangible or Overhead Values. Any 
one of these terms is generally used to include certain expenses, 
which, while a necessary part of the complete cost of a going 
property, аге not costs inherently a part of the construction of 
the physical property, as such. 

Development expenses generally cover most or all of the 
following expenditures: 

l. Legal and other expenses of preliminary promotion, in- 
corporation and organization, procuring consents of property 
owners, condemnation proceedings, obtaining franchises, con- 
sents and certificates from Public Service Corporations and 
other public bodies, title examinations and insurance. 

2. Technical expenses in connection with preliminary work, 
survevs, expert estimates, ctc. 

3. Interest on capital and bond issues, wages of superintendence 
and administration not chargeable to construction ordinarily 
necessary in connection with putting a property in going order; 
and also sometimes the deficiency in operating expenses and 
taxes until the property is put on a paving basis. 

4. Taxes of various amounts including corporation tax, 
mortgage tax, real estate tax, personal propertv tax, capital 
and State tax, franchise tax, etc., which must be provided and 
paid until the property is completely a “ going concern "'. 

9. Discounts on securities, brokerage or other customary and 


t“ Valuation of Public Service Corporations Property ", by Н. E. 
Riggs, Proceedings American Society of Civil Engineers, November, 1910. 
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necessary expenditures in connection with financing such an 
undertaking and marketing securities. 

6. Reasonable promotion profit, possibly also compensation 

for risk of capital, estimated at 5 to 10 per cent of the cash in- 
vestment. 
. Development expenses are not ordinarily depreciated in the 
same way as the physical property, though some authorities 
have indicated such procedure is proper. Development ex- 
penses may well be amortized, but the rate of such amortization 
has no necessary connection with the rate of depreciation of the 
physical property. The rate of amortization of development 
expenses might well be based on the life of the securities, for 
example, 50 vears, whereas the depreciation of the physical 
property would have to be based on its rate of deterioration 
through life, which the Wisconsin Commission reports to average 
for electric lighting properties, 17.46 vears, telephone plants 
11.24 vears, and electric railways, 18.02 years. 

Original Cost. As the term indicates, this refers to the 
actual amount of moncy paid for the physical property including 
original construction plus all additions since that time. Original 
cost should be shown in the books of corporations, but is not 
always there obtainable. In making deduction for depreciation 
all authorities agree that the value of any property that has been 
abandoned or discarded should be entirely written off, unless 
possibly the earnings have been so small as to preclude doing so 
at once without unfairness to the stockholders or bankruptcy to 
the corporation. 

Cost to Reproduce New, or Cost of Reproduction. ‘These terms, 
so much in evidence nowadays, refer to an estimated value based 
on the cost of reproducing the physical property new, on the 
basis of prices current at the time of estimate—prices that 
fluctuate considerably are averaged for five years preceding-— 
and is made up to include everything that can be inventoried 
regardless of original cost, age, service value or present condition 
as effected by depreciation. 

Scrap Value. АП physical property unless offset in whole or 
in part by cost of removal, has a certain scrap or junk value 
beyond which there 15 no depreciation, hence physical property 
can only deteriorate until it reaches 155 scrap value. This value 
is simply the fair market price that a purchaser will pay for the 
property in its disintegrated condition. If a property consisting 
of its several elements 1$ usable not as junk but as serviceable 
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property elsewhere, a higher price than scrap value is obtainable, 
and this worth has been characterized as “ salvage value " or 
'" minimum going valuc." 

Wearing Value. If from the cost—taken on whatever basis 
is determined to be the correct one—there is subtracted “ scrap ” 
or “ salvage " value of given physical property, the remainder 
is a value known as “ wearing value," which will deteriorate 
more or less rapidly and entirely pass awav, as regards the 
installation being considerd, at the expired life of said property, 
which life ceases through age, inadequacy, obsolescence or 
sudden damage. 

Service Value. Physical property, honestly and intelligently 
purchased with a view to its suitableness for the service intended, 
aside from some hidden defect or untoward accident, maintains 
its original value practically throughout its life except for such 
deterioration as results from wear and tear or deferred main- 
tenance. The life of the property may expire normally through 
аре or prematurely through inadequacy or obsolescence but these 
two latter classes of depreciation develop quickly so that for 
the larger part of the time used, the service value of property 
will approximate original cost. Service value must not be 
confounded with going value. Service value results from the 
use of the property in the place and for the purpose for which it 
was intended. Going value may or may not accrue in addition 
to, and, over-and-above service value. Going value relates to 
establishment of earnings while service value exists regardless of 
earnings. 

Present Value. This expression refers to the estimated worth 
of the phvsical property as it exists at the period being consid- 
ered. It may have one of several values, some purely academic 
and artificial as explained more fully hereafter, depending on 
what application is made of the theory of depreciation and 
therefore, present value always needs some qualification or 
explanation as to the sense in which the term is used. The more 
frequent application of the term is to that value obtained by de- 
ducting from “ original cost” or ‘‘ cost to reproduce new,” 
the accrued depreciation, which may be either absolute deprecia- 
tion or the sum of both absolute and theoretical depreciation. 
Though usually so, “ present value " docs not necessarily include 
a deduction from cost to cover deterioration as is illustrated in the 
valuation of the Texas Railroads made by the Commissio : of 
that State, where no deduction from cost of reproduction was 
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made on account of existing wear and tear or normal deteriora- 
tion. | 

Appreciation as well as depreciation must be considered іп 
determining “ present vlaue’’ as indicated by the Supreme 
Court. 


“ Апа we concur with the court below in holding that the value of the 
property is to be determined as of the time when the inquiry is made 
regarding the rates. If the property, which legally enters into the 
consideration of the question of rates, has increased in value since it was 
acquired, the company is entitled to the benefit of such increase." * 


“ Original cost ” or “ cost of reproduction new,” in connection 
with depreciation of the physical property inventoried is quite 
generally used in determining present value, but in this connec- 
tion it is interesting to note the unique opinion of the Iowa 
Supreme Court, which in view of the numerou- decisions of other 
courts can hardly be considered a safe precedent to follow: 


‘The contention illustrated how inequitable would be a rule arbi- 
trarily fixing the value as that for which a system might be replaced. 
Aside from this being impractical it may safely be said that there is 
hardly an enterprise of this character which, were it destroyed, would be 
restored as it was before. In ascertaining values in this way, the worth 
of a new plant of equal capacity, efficiency and durability, with proper 
discounts for defects in the old and depreciation for use, should be the 
measure of value rather than the cost of exact duplication.” t 


In estimating “© present value ” it is perhaps unnecessary to 
state that “ second hand "', “ scrap ” or “‘ forced sale ” valucs are 
not the ''fair values " to be considered in connection with а 
'" going concern." This has been repeatedly affirmed by the 
courts, as indicated, for example, by the following decision 
from the Supreme Court of Maine. 


“ Now what is the property which the district has taken by power of 
eminent domain? In the first place it is a structure, pure and simple, 
consisting of pipes, pumps, engines, land rights, and water rights. Asa 
stracture, it has value independent of any use, or right to use, where it is, 
a value probably much less than it cost, unless it can be used where itis, 
that is, there is a right to use it. Nevertheless, it has value as a structure. 
But, more than this, it is a structure in actual use, a use remunerative to 
some extent. It has customers, it is actually engaged in business, it is a 
going concern. The value of the structure is enhanced by the fact that 
it is used in, and in fact is essential to, a going concern business. We 
speak sometimes of a going concern value as it is, or could be, separate 


*Wilcox vs. Consolidated Gas Company. 212 U. S. Page 52. 
tCedar Rapids Gas Light Company vs. City of Cedar Rapids, 120 М. W., 
966. ae ae 
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and distinct from structure value—so much for structure and so much 
for going concern. But this is not an accurate statement. The going 
concern part of it has no existence except as a characteristic of the struc- 
ture. If no structure, no going concern. If a structure in use, it is a 
structure whose value is affected by the fact that it is in use. There is 
only one value. It is the value of the structure as being used. That is 
all there is of it."'* 


In obtaining the depreciated value of ''used or useful" 
property, worn out or replaced inventoried material which has 
no value except for sale, may be put in at scrap or salvage 
value, unless such property 1s being carried merely to artificially 
increase values. | 

Going Value. This refers to an estimated worth recognized 
by the highest courts and ingeniously figured and allowed for 
by at least one State Commission in connection with a wise 
expenditure made in increasing the business of an established 
plant. 

Judge Lurton in the decision of the Supreme Court in the 
Omaha Water Works’ case, decided May 31, 1910, says: 


“Тһе option to purchase excluded any value on account of unexpired 
franchise, but it did not limit the value to the bare bones of the plant, its 
physical properties, such as its lands, its machinery, its water-pipes or 
settling reservoirs, nor to what it would take to reproduce each of its 
physical features. The value, іп equity and justice, must include whatever 
is contributed by the fact of the connection of the items making a complete 
and operating plant. 

“ The difference between a dead plant and a live one is a real value, 
and is independent of any franchise to go on, or any mere good will as 
between such a plant and its customers. That kind of good will as sug- 
gested in Wilcox vs. Consolidated Gas Company (212 U. S., 19), is of 
little or no commercial value when the business is, as here, a natural 
monopoly, with which the customer must deal, whether he will or not. 
That there is a difference between even the cost of duplication, less de- 
preciation, of the elements making up the water company plant and the 
commercial value of the business as a going concern is evident. Such an 
allowance was upheld in National Water Works Company vs. Kansas City 
(62 Fed., 853) where the opinion was by Mr. Justice Brewer. We can 
acid nothing to the reasoning of the learned Justice, and shall not try to. 
That case has been approved and followed in Gloucester Water Supply 
Company vs. Gloucester (179 Mass., 365, and 60 N. E., 977) and Norwich 
G as and Electric Company vs. Norwich (76 Conn., 565). Мо such ques- 
tion was considered in Knoxville Water Company (212 U. $., 1) or in 
Wilcox vs. Consolidated Gas Company (212 Ц. S., 19). Both cases were 
Tate cases and did not concern the ascertainment of value under contracts 
of sale.” 


*99 Maine, 371. 
TOmaha v. Omaha Water Co., 218 U. S., 180. 
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The above decision of the court would imply that a different 
valuation should be allowed and recognized in determining 
rate cascs, for example, as against valuations for purposes of 
sale. The writer can conceive of no equitable reason for such 
distinction. No investor wants to take title at one price and 
then find that his earnings are to be fixed on another and de- 
preciated basis. Worth for rate-making purposes, is the only 
worth that the investor will consider if his earnings are to be 
regulated. 

Good Will. A monopoly, as is generally admitted, has no 
good will which can be evaluated, and the courts have sustained 
this view. Good will can only result where competition exists 
and the tendency of the times is to make no allowance for this 
element in a public utility valuation; it being considered that 
good will belongs rather to industrial enterprises where its value 
is determined by the profitableness of the business; namely, 
capitalizing the net income. Good will has no value which 
must be considered in dealing with the subject of Depreciation. 

Franchises. As the term indicates, it is the right to “do 
business ". Formerly franchises were considered more or less 
valuable assets and in some instances, have been recognized and 
allowed for by the courts; but the present tendency, largely 
by reason of legislative enactments, is to prohibit the capitaliza- 
tion of franchises beyond the absolute expenditures made in good 
faith in obtaining said franchises. Depreciation of franchises 
depends on their terms and has no relation to deterioration 
of the physical property although the expiration of a franchise 
might easily reduce service value. 


CLASSES OF DEPRECIATION 

The subject of Depreciation from an enginecring—not an 
accountant’s standpoint—practically divides itself into several 
classes, as follows: 

Wear and Tear, or Maintenance. This includes such deprecia- 
tion as may ordinarily be removed or offset by proper expendi- 
tures at such time as the worn out parts may be economically 
replaced. Few parts of physical property in use ever become 
completely worn out; after a certain amount of wear, a point is 
reached at which good engineering requires their replacement, 
they may be still further used, but only at the cost of economy 
or safety. With different pieces of apparatus, depreciation due 
to wear and tear varies widely. It may amount to a small 
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percentage of the whole, as for example, the bearings in a 
generator; or it may amount to a very large percentage, as for 
example the blading of a steam turbine or the insulation of a 
high-tension leaded cable. This class of depreciation may be 
considered to include that due to accidents, such as would result 
from lightning, fire, or other sudden damage. 

Even before the moment original construction is complete, 
deterioration begins and a more or less depreciated condition 
of the installation as a whole always exists, which condition will 
increase until good engineering indicates that the time has come 
to offset wear and tear by repair. Such depreciation, as related 
to service value, not often as to sales value, can usually be com- 
pletely compensated for by expenditures small, relative to the 
value of the entire property. It has been the almost universal 
custom to include the expense of removing wear and tear, thé 
most obvious class of depreciation, as part of regular operating 
expense. 

Age or Decrepitude. Depreciation of this sort is due to the 
ageing of apparatus that usually has a life extending over a 
period of years. Property that is short-lived, usually passes 
away through ' wear and tear." Іп many instances, age de- 
preciation will be the same whether the apparatus is used or 
unused; t.e., a boiler or an insulated wire will deteriorate through 
the action of the elements practically as rapidly when standing 
idle as when in continual service. After a given number of 
years, the expense of maintenance on almost any piece of prop- 
erty will become so large that it is more economical to abandon 
than replace it. For example, car bodies will in the course of 
time, become so racked that they must be abandoned because 
the new cost less than repairing the old. 

Inadequacy or Supersession. This class of depreciation arises 
from increased demands of service so as to render the prop- 
егіу in use inconvenient or uneconomical for continuance 
of operation, although in every way capable of per- 
forming the service for which it was installed. For 
example, when street railway service has increased to such 
an extent that many and frequent small single-truck cars 
are required to do the work that can be done by larger 
double-truck cars at less cost and with less interference with 
Street traffic, both economy and necessity compel superseding 
the smaller equipment by the larger, and thus through in- 
adequacy, investment in the smaller equipment is depreciated 
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before the property is worn out or becomes decrepit. Further- 
more, the introduction of heavier cars may make inadequate 
the rails and car barns. Inadequacy may and does take place 
without regard to the length of time the property has been in 
use or to the amount of service rendered. Inadequacy, although 
confused by some authorities with obsolescence, is generally 
distinct from the latter and usually arises from a different cause, 
although in some cases related to and scarcely distinguishable 
from obsolescence. 

Obsolescence. Obsolescence means the depreciation of prop- 
erty through the development of something newer and either 
more economical or more of a fad. Like inadequacy, it may 
necessitate the abandonment of property long before it is worn 
out and in many cases, arises largely from demands of the public. 
What is obsolete in one place may not be effected by obsolescence 
in another. Note for example, the recent introduction of 
P. A. Y. E. cars in the larger cities or the use of open-bench cars 
in the Borough of Bronx, whcre they are considered good prac- 
tice while at the same time they are considered obsolete for the 
Borough of Manhattan, all within New York City. The sub- 
stitution of underground conduits and cables for aerial con- 
struction required by public authorities is another illustration 
of this class of depreciation which cannot be prevented by main- 
tenance or offset by repairs; it can only be met by complete re- 
placement. By reason of rapid advance and development in 
the art, obsolescence has heretofore probably caused the greatest 
expenditure for depreciation account, unless it is wear and tear; 
but as time goes on, obsolescence may become a less important 
factor, though it would probably be at the cost of improvements 
and development. 


““ There is also the question of obsolescence, or such changes as become 
necessary because of new inventions or because of changes in the art. 
In the electrical field in particular, such changes are very frequent. They 
often make it necessary to discard machinery and other equipment of 
various kinds long before they are worn out. This is an expense that is of 
the same nature as depreciation and 1$ usually classed as such. It should 
be charged to operating expenses the same as other depreciation."'* 


Deferred Maintenance. Тһе several classes of depreciation 
hereinbefore referred to assume that the property will be kept 
in good operating condition and efficiency. If the condition of 


*Decision of the Railroad Commission of Wisconsin, June 2, 1908, 
City of Dodgeville vs. Dodgeville Electric Light and Power Company. 


1911] FLOY: DEPRECIATION 1155 


the property is permitted to lapse beyond that of safety or 
economy in operation there results a condition due to neglect 
of proper maintenance and regular repairs, a condition known as 
“ Deferred Maintenance,” which is measured by the expenditure 
that may be necessary to offset such neglect and restore the 
property to good operating condition. Deferred maintenance 
is only another term for neglect and always reflects to the dis- 
credit of the management or the financial ability of a corporation. 


'" ABSOLUTE " AND “ THEORETICAL” DEPRECIATION 


Before undertaking to discuss proper methods of estimating 
and allowing for depreciation, it is essential to have clearly in 
mind just how depreciation actually takes place and in what way 
it effects physical property. 

Where property is no longer of 
service, it must be depreciated 
down to the value at which it 
may be sold, even though that 
value is as low as scrap value. 
On the other hand, apparatus 
that is in use and rendering a 
service economically, may for the 
purpose for which it was m- 
tended, be as valuable as when 
originally installed, although its 
age may be approaching the 
limit of its life. Take for ‘ex- 
ample, a steam engine which 
though having been in use the 
greater part of its estimated life 
is, through proper maintenance, 
in as good a condition to render 
Service as at any time in its history. If its annual maintenance 
charge is no greater than in the earlier years of its history, its 
"service value" to the company as a going piece of property 
is as great as when first installed. What then do we mean by 
depreciation? Reference to Fig. 1, indicates graphically several 
ways іп which depreciation actually takes place, as well as usual 
methods heretofore adopted in considering and evaluating 
depreciation. 

Assume that a given piece of physical property has an esti- 
mated life of twenty years, represented by the abscissa O B, 


DOLLARS 
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and that it has a given value in dollars, shown by the length of 
the ordinate OA. Let the ordinate О C represent the worth in 
dollars of the apparatus as scrap or junk, then the abscissa C D 
will represent the scrap value throughout the life. This line is 
always approximately a straight line, deviating therefrom simply 
by fluctuations in the value of scrap material, which is usually 
within fairly narrow limits. Тһе point D is the value of the 
apparatus in question at the end of its life. It may reach this 
value through any one of several methods of depreciation, shown 
graphically by the curves No. 1, 2, 3, 4, 5 and 6. 

Curves 1, 2 and 6 may be said to represent '' absolute deprecia- 
поп ''; and curves 3, 4 and 5 '' theoretical depreciation." Curves 
1 and 2 represent the values, during any period of their lives of 
most pieces of physical property, determined from the stand- 
point of bargain and sale for use elsewhere. Тһе saleable value 
of new apparatus depreciates very rapidly from the moment 
installed and then gradually during the remainder of its life down 
to "scrap value." The values thus illustrated are independent 
of the service for the particular installation for which the appara- 
tus has been purchased and installed. Curve 1 may fairly repre- 
sent the worth of certain pieces of property such as 

a. Special machinery, the value of which, for use in connection 
other than that for which it has been installed, would necessitate 
such a large expenditure for modification of design to make it 
uscful elsewhere, that little more than scrap' value can be ob- 
tained for same. 

b. Property, the cost of removing which, compared to its 
cost new, is relatively high; for example, ties for track, or wooden 
poles of a transmission line. 

Curve 2 represents sales value for more easily transported 
property, as for example, the rolling stock equipment of a street 
railway system. 

The classes of depreciation indicated by the curves 1 and 2, 
might properly be called salvage values and approximate scrap 
or junk values, the principal difference being the property is 
sold for what 1t 1s worth as a unit rather than for its dismem- 
bered elements. It will be evident at once that depreciation of 
these classes cannot fairly be used іп determining the value of 
physical property of an operating entity. That this is true 
and the view taken by the courts, will be evident from considera- 
tion of the decisions in the Consolidated Gas and other similar 
cases and even in the Knoxville Water case, which is generally 
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considered the most radical decision in the way of depreciating 
physical value. 

Curve 6 indicates only depreciation due to wear and tear until 
just before the close of life, at which time other classes of deterio- 
ration may appear. The curve is based on the assumption that 
the apparatus in question will be used in connection with the 
purpose for which it was installed throughout its life, and being 
maintained in good operating efficiency, 100 per cent, is just as 
good for the purpose of use, as the day it was installed, except for 
such slight deterioration as results from wear and tear. The 
worth represented by this curve, 6, may be called the “ service 
value," and it is the real value of its physical property to a 
* going concern." Most classes of apparatus or property of a 
going organization follow this curve 6, unless effected by in- 
adequacy, obsolescence, or deferred maintenance. 

The value of the physical property, as indicated, for example, 
by curve 6, is that generally allowed in “ purchase and sale 
transactions," and has been recognized by Public Service Com- 
missions. 


“ If the present value exclusively were to be taken as the basis, re- 
spondent would not reccive credit for having installed any part of its 
plant at full cost. Тһе present value, as of June 30, 1908, must, there- 
fore, be increased by the amount of the estimated depreciation on that 
part of the plant which the company installed new.’’* 

“Of the physical plant alone, the most equitable valuation for ratc- 
making purposes appears to be best represented by the original cost of 
the plant and by the cost of reproducing it." T 


This “ service value " would also seem to be recognized by the 
courts both in rate cases and in determining valuations for sale.1 


“ Probably a fair statement would be that the physical value of the 
Plant is its value as a performing plant for the purposes for which it was 
designed." $ 


If any contrary position were assumed, namely, that only 
** sales value," indicated by curves 1 and 2, were to be used in 
determining present value, then a large portion of every going 


*F. B. L. Full mer vs. Wausau Street Railroad Co., Railroad Commission 
Of Wisconsin, April 1, 1910. 

tG. W. Hill et al., vs. Antigo Water Company, Railroad Commission 
Of Wisconsin, August 3, 1909. 

ICity of Omaha vs. Omaha Water Co., 218 С. S. decided May 31, 
1910. Wilcox vs. Consolidated Gas Co., 212 U. S., 19. 

SColumbus Railway & Light Co. vs. City of Columbus, Circuit Court 
U. S. Southern District of Ohio, report of Master, page 34. 
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property would be valueless, because the expense of removal 
would amount to more than the cost of new in the open market; 
for example, ties in a railway property; foundations and settings 
for machinery; pipe, deeply buried; cross-arms and many wooden 
poles. | 

The classes оҒ depreciation above discussed are going оп 
constantly in any physical installation. They are at work and 
in evidence at any time despite the honest effort and even ex- 
travagant expenditure of the management to provide against and 
forestall depreciation. Property—except real estate or road bed 
—cannot be maintained at 100 рег cent of its original value and 
ultimate economy secks only 100 per cent operating efficiency. 
The complete physical plant of a going property would not have 
a higher service value than 90 or 95 per cent and the realizable 
sales value might be as low as 20 or 30 per cent. 

In contradistinction to determination of present value by 
the use of depreciation expressed in the curves 1, 2 and 6, which 
may be termed ''absolute ", the curves 3, 4 and 5 indicate 
several classes of '' theoretical"' depreciation, which have been 
quite widely used in some cases for estimating present values, 
but more often for determining the yearly theoretical deteriora- 
tion for purposes of establishing depreciation funds, which is 
quite a different subject. 

Тһе erroneous application of rates of depreciation in the at- 
tempt to determine present commercial values, is fairly common. 
One of the most notable cases, because of the large amounts of 
money involved, being that of the public Service Commission of 
New York, First District, in the matter of the Third Avenue 
Railroad Reorganization.* 

These three curves 3, 4 and 5 represent classes of depreciation 
which seldom, if ever, occur in practice; but are convenient for 
purposes of estimate, particularly curve 3, which represents what 
is called "straight line depreciation". As indicated, it assumes a 
gradual and constant reduction in the value of property through- 
out its life. Тһе significance is that if, from the cost of ap- 
paratus, the value to be obtained at the end of its life, namely, 
the scrap value, is deducted, the remainder divided by the 
assumed life of the apparatus will give the amount in dollars to 
be laid aside annually to accumulate a fund sufficient to replace 
the property at the end of its life, without interest. 


"Opinion of Public Service Commission for the First District, New 
York, Disapproving Plan of Reorganization, July 29, 1910. 
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Curve 4 1s closely related to curve 3; the annual depreciation 
fund, however, being less because it is assumed that the uniform 
amount of money laid aside annually during the life of the 
property will be put out at interest and compounded, so that 
owing to the accumulation of interest the amounts annually 
laid aside will be less than in the case of “ straight depreciation ”. 
Curve 4 is called the “ sinking fund " method. 

Curve 5, a modification of curve 4, is based on the assumption 
that instead of laying aside a regular amount annually and 
compounding, the amount laid aside will be small at first gradu- 
ally increasing in amount as the earning power of a property 
increases, as it generally does, with its life. These amounts are 
then assumcd to be put out at compound interest so as to ag- 
gregate original cost of the apparatus at the end of its life. No 
general rule has been developed as to the proper amounts to 
begin laying aside or in what proportion they shall increase; but 
it is clear that the smaller are the amounts in the beginning the 
larger they must be toward the end of the life of the apparatus. 

This latter plan of providing depreciation funds has the 
advantage of more nearly proportioning the annual depreciation 
payments in accordance with revenue, and for most pieces of 
property will more clearly approximate the deterioration actually 
taking place. 

A fourth plan of determining “ theoretical " depreciation, 
has been used toa limited extent. It consists in assuming a given 
life for the property in question, ascertaining the annual rate 
of depreciation and then applying that rate uniformly to the 
principal diminished in amount each year by the deduction for 
deterioration. For example, if the principal invested were 
$2,000 and the rate assumed is 10 per cent, the amount charged 
off for depreciation the first year would be $200, leaving the 
principal, $1,800 on which 10 per cent or $180 would be charged 
off the second year, and $162 the third year, ей cetera; thus the 
amount charged off becomes progressively less and the life of 
the property becomes theoretically at least, infinite. Ofcourse, 
this method can be modified from the “ straight line ” deprecia- 
tion illustration used above to the “ sinking fund " method, if 
desired. 

From theabove it will beseen that any oneof these four methods 
of estimating depreciation is based on absolutely arbitrary as- 
Sumptions. Practically there 1$ no more logical reason per se why 
we should provide the fund necessary to replace the property at 
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the end of its life in any one of the scveral methods suggested by 
the curves rather than in any other of the several methods. Each 
method will accomplish the same result but it will be seen at a 
glance that in applying curves 3, 4 or 5, the amounts to be laid 
aside annually will vary considerably, and to that extent effect 
net income; similarly, the effect on the worth of the owner’s 
investment will also vary with the curve used, being appreciably 
less for '"' straight line" depreciation. Where the lives of 
property considered are relatively short, the result of using any 
one of these three curves is less pronounced; but where the 
lives are long, running to 50 or 100 years, the difference for the 
major portion of their lives is marked. The fourth plan sug- 
gested has not the advantage of being sound theoretically or 
advantageous practically. 

The “ straight line’’ method of depreciation has been more 
largely used than any other probably because the lives of much 
apparatus is brief; and furthermore, the application of this 
method is the most simple, direct and easily understood, and 
hence favored by the legal fraternity, and a large proportion of 
the members of public utility commissions, many of whom, not 
technical men, naturally incline toward the more easily appre- 
ciated clements of the questions which they are compelled to 
consider and discuss. 

There are three other methods of determining the depreciated 
value, that is the present value, of phvsical property which 
should be mentioned. 

The first consists in estimating the cost of purchasing and 
installing second-hand or used, apparatus, of the type and 
character of that installed and equivalent for the same work. 
Тһе difficulty of carrying out this method in practice is the im- 
practicability of finding duplicate, used apparatus and ob- 
taining fair or uniform standards of price thereon. 

The second: some authorities claim that the depreciated 
value of a plant should be determined by comparison with the 
cost of a most modern installation designed to do the same work. 
This method has apparently reccived some encouragement from 
the courts, as indicated by the quotation from the decision in the 
Cedar Rapids case, referred to under “Present Value." А 
third method of ascertaining present value is to make an estimate 
of the cost of reproducing the physical property new and de- 
ducting therefrom the estimated expense of putting the existing 
property in a condition equal to new. None of the three 
methods just mentioned above, are generally favored. 


831У123Ч84302 ЗПЛУЛ ЛУМ 


Digitized by Google 


1911] FLOY: DEPRECIATION 1161 


As indicating the possible error in attempting to estimate 
“theoretical ” depreciation, it is frequently found that the 
length of life assumed has been greatly surpassed by apparatus 
which is still giving reliable and satisfactory service. For 
example, the life of the ordinary steam engine may be taken at 
20 years, but it is not uncommon to find engines still in use that 
are very much older than this. The writer noted, within a few 
weeks, that a vertical engine installed in England in 1856, had 
recently been equipped with condenser, supplied with super- 
heated steam, and was still in use at 55 years of аре, giving 
economical and satisfactory results. Cases of this kind will 
illustrate the necessity for personal inspection in determining 
depreciation and the need of experience and common sense in 
the application of any rules of depreciation. For apparatus 
still giving satisfactory service after the expiration of its as- 
sumed life, it is only fair in estimating theoretical depreciation 
to allow a value greater than scrap value; the minimum value of 
all types of engines, boilers, pumps, heaters, condensers, line 
transformers and shafting is, at present being taken by the 
Wisconsin Commission for example, at 25 per cent; generators, 
motors, rotaries, arc lamps, wood and iron poles, 20 percent; 
station transformers, 40 per cent; storage batteries, 35 per cent 
and switchboard instruments and electric meters, which must 
be kept in a high state of repair, 80 per cent as the minimum 
percentage of reduction in cost for apparatus still in use though 
theoretically “ dead." 

As 3, 4 and 5 per cent arerather common ratesof return on funds 
allowed to accrue with interest, the curves on the accompanying 
plate'are given, indicating the values in percentages that obtain at 
any given time for apparatus having lives varying from 5 to 
100 years. Тһе abscissa graduated from 0 to 100 indicates the 
аре, the ordinates 0 to 100 indicate either the percentage of 
depreciation to be subtracted from the cost to obtain the- 
oretical present value or the percentage of the original value 
direct. To use the curves, start from a point on the abscissa 
indicating the life already expired, follow the vertical until 
it intersects with the curve marked with the assumed life of the 
property being considered, then follow the horizontal to the left 
and read from the ordinate the percentage of depreciation or the 
remaining present value as may be desired. 

The fund that “Ш accumulate at the end of any number of 
years through the annual laying aside of a uniform amount and 
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putting that out at compounded interest, is determined by the 
following formula. 


xy e 7 
F-D UU 


The sum to be laid aside annually at compound interest to 
accumulate a given amount at the end of a number of years is 
determined from the following formula. 


FR 
Ша ею а 
where F=the accumulated amount in dollars at the end of 
N years. | i 
D=the annual amount of dollars laid aside at interest 
compounded every 12 months. 
R=the annual rate of interest expressed as hundredths 
of a dollar. | 
N=the number of years the amount is annually laid 
aside. 

During the past few years, a large and varied assortment of 
figures have been offered by more or less competent authorities 
as tothe proper rates of depreciation to be applicd to different 
classes of physical property in accumulating depreciation 
funds or in the determination of present values. Some 
years ago the late William H. Bryan, in his paper on 
“The Appraisals and Depreciation of Water Works апа 
Similar Apparatus," quoted, a number of such figures based 
on the authority of individuals or the technical press. These 
figures, while intcresting and carrying the weight of individual 
authority where not necessarily judically approved, the writer 
therefore has undertaken to set out in a table, shown іп the fol- 
lowing pages, figures that have been used by commissions in 
rendering decisions which have in effect, largely becomelaw. 

While so used, however, they should be always considered 
as tentative and subject to modification for any particular case. 

The figures given refer to “ straight line theoretical deprecia- 
tion " and have been applied to electrical properties, the life of 
the apparatus of which is noticeably short compared with many 
other classes of property, such as water works, gas plants, etc. 

As will be recognized the figures given have been used for 
rate-making, sale and capitalization cases. 
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APPROVED RATES USED IN ESTIMATING THEORETICAL DEPRECIATION 


(Maintenance not included) 


Depreciation 
per cent per 
year 
Property Straight line Authority Remarks 
Aerial Lines 5 St. Louis Р. 5. С. Union Elec. L. P &. Co. 
Air Brakes b Wisconsin P. S. C. 
Air Compressors 4-5 Traction Val. Comm. Chicago Con. Tract. Co. 
Arc Lamps 64 Wisconsin P. S. С. 
` 15 Arbitrators Street Lighting Contro- 
versy, Atlanta, Ga., 1899. 
8 St. Louis P. S. C. Union Elec. L. & P. Co. 
Belting | 5 Wisconsin P. S. С. 
Boilers | 34-4 Traction Val. Comm. Chicago Con. Tract. Co. 
! 10 В. J. Arnold Coney Island & Brooklyn 
adopted by P. S. С., 
N. Y. 
(Water Tube) 5 Henry Роу 3rd Ave. case, adopted by 
P. S. С., М. Y. 
(Fire tube) 6% Wise. Р. S. C. 
(Water tube) 5 Е 2 
(Fire tube) 10 Arbitrators Street Lighting Contro- 
versy, Atlanta, Ga., 1899. 
63 St. Louis P. S. C. Union Elec. L. & P. Co. 
Bonds 5 Traction Val. Comm. Chicago Con. Tract. Со. 
50% 
wearing value Henry Floy 3rd Ave. Case, adopted by 
Р. 8. С., М. Ү. 
5 Wisc. Р. 5. С. 
Breeching and Connections 34-10 Traction Val. Comm. Chicago Con. Tract. Co. 
Buildings 
(Brick) 1$ Traction Val. Comm. Chicago Con. Tract. Co. 
2 E. G. Connette 3rd Ave. Case, adopted by 
P. S. С., М. Y. 
2-4 Wisc. P. S. C. 
(Wood) 2 Arbitrators Street Lighting Contro- 
уегзу, Atlanta, Ga., 1899. 
2 St. Louis P. S. C. Union Elec. L. & P. Co. 
Cables К 
Underground (high ° 
tension) 5 Henry Floy 3rd Ave. case, adopted by 


Р. 6. С., М. Y. 
Underground (low 


tension) 50% mainte- 
nance cost Henry Floy 3rd Ave. case, adopted by 
P. S.C.. N. Y. 
(Aerial lead covered) 6} Wisconsin P. S. C. 
(Underground lead covered) 4 Wisconsin P. S. C. 
(Underground lead covered) 5 St. Louis P. S. C. Union Elec. L. & P. Со. 
Coal and Ash Handling 
Machinery 7 Traction Val. Comm. Chicago Con. Trac. Co. 
| 5 Henry Floy 3rd Ave. case, adopted by 


P. S.C.. N.Y. 
10 Wisconsin P. S. C. 
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APPROVED RATES USED IN ESTIMATING THEORETICAL DEPRECIATION 
(Maintenance not included) 


Depreciation 
per cent per 
year 
Property Straight line Authority Remarks 
Condensers 4 Traction Val. Comm. Chicago Con. Trac. Co. 
5 B. J. Arnold Coney Island & Brooklyn 
adopted by Р. 85. C., 
М.Ү. 
5 Henry Floy 3rd Ave. case, adopted by 
P. 5. С., М. Y. 
5 Wisconsin Р. $. С. 
10 Arbitrators Street Lighting Contro- 
versy, Atlanta, Ga., 1899 
63 St. Louis Р. 5. С. Union Elec. L. & P. Co. 
Conduits 1 Непгу Е1оу 3rd Ave. case, adopted by 
P. S. C., М. Y. 
2 Wisconsin P. S. C. 
2 St. Louis P. S. C. Union Elec. L. & P. Co. 
Cross Arms 81-121 Wisconsin P. S. C. 
Engines (Steam) 3-5 Traction Val. Comm. Chicago Con. Trac. Co. 
? 5-71 B. J. Arnold Coney Island & Brooklyn 
adopted by P. S. C. 
N. Y. 
е 5 Henry Floy 3rd Ave. Case, adopted by 
Р. $. С., М.Ү. 
(Сав) 63 Wisconsin Р. 5. С. 
(Steam, slow speed) 5 > т 
(Steam, high speed) 64 a “ 
5 Arbitrators Street Lighting Contro- 
versy, Atlanta, Ga., 1899. 
64 St. Louis P. S. C. Union Elec. L. & P. Co. 


Feeders Dependent on 
(W. P. Insulation) observed wear Traction Val Comm. Chicago Con. Trac. Co. 
61 Wisconsin P. S. C. 
Foundations—MachinerySame as life of 
apparatus 


supported Trac. Val. Comm. Chicago Con. Trac. Co 


Same as life of 


apparatus 
supported Henry Floy 3rd Ave. case, adopted by 
Р. 6. С., М. Ү. 
Fuel Oil Handling Ма- 
chinery 4 Trac. Val. Comm. Chicago Con. Trac. Co 
Generators 3-8 Trac. Val. Comm. Chicago Con. Trac. Co. 
5 B. J. Arnold Coney Island & Brooklyn, - 
adopted by Р. S. С., 
М. У. 
5 Henry Floy 3rd Ave. case, adopted by 
P. 5. С., М. Y. 
(Modern typc) 5 Wisconsin P. S. C. 
(Obsolete “) 64 а 5 
(Steam turbo) 5 2 * 
10 Arbitrators Street Lighting Contro- 


St. Louis P. S. C. 


versy, Atlanta, Ga., 1899. 
Union Elec. L. & P. Co. 
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APPROVED RATES USED IN ESTIMATING THEORETICAL DEPRECIATION 


(Maintenance not included) 


Depreciation 
per cent per 
year 
Property Straight line Authority Remarks 
Heaters 4-6 Trac. Val. Comm. Chicago Con. Trac. Co. 
(Feed water, closed) 34 Wisconsin Р. 5. С. 
(Feed water, open) 34 S е 
Meters 
(Electric switchboard) 5 Wisconsin Р. 8. С. 
(Electric service) 61 * 2 
(Electric) 8 St. Louis P. S. C. Union Elec. L. & P. Co. 
Motors (Railway) 3} Тгас. Уа!. Сотт. Chicago Con. Тгас*.Со. 
* By inspection B. J. Arnold Coney Island & Brooklyn 
adopted by P. S. C., N. Y. 
(Railway) 5 Henry Floy 3rd Ave. case, adopted by 
P. S. C., N. Y. 
Е 5 Wisconsin Р. $. С. 
10 Arbitrators Street Lighting contro- 
versy, Atlanta, Ga., 1899. 
Paving 5000 wearing 
value B. J. Arnold Coney Island & Brooklyn 
adopted by P. S. C., N.Y. 
50% Henry Floy 3rd Ave. case, adopted by 
P. S. C., М. Y. 
Piping and Covering 4-44 Traction Val. Comm. Chicago Con. Trac. Co. 
6 B. J. Arnold Coney Island & Brooklyn 
adopted by P. S. C., N.Y. 
5 Henry Floy 3rd Ave. case, adopted by 
P. S. C., М. Y. 
5 Wisconsin P. S. C. 
5 Arbitrators Street Lighting Contro- 
versy, Atlanta, Ga., 1899. 
61 St. Louis P. S. С. Union Elec L. & P. Co. 
Poles (Steel) 2 Henry Floy 3rd Ave. case, adopted by 
P. S. C., N. Y. 
(Wood in concrete) 5 Wisconsin P. S. C. 
(Wood in earth) 54-8} s " 
(Ігоп) 24 ^ Е 
(Wooden) 10 Arbitrators Street Lighting Con., At- 
lanta, Ga., 1899. 
Pumps 5 Traction Val. Comm. Chicago Con. Trac. Co. 
5 B. J. Arnold Coney Island & Brooklyn, 
adopted by P. S. C., N.Y. 
5 Henry Floy 3rd Ave. case, adopted by 
P. S.C.. N. Y. 
(Small steam) 64 Wisconsin P. S. C. 
5 Arbitrators Street Lighting Con., At- 
lanta, Ga., 1899. 
61 St. Louis P. S. C. Union Elec. L. & P. Co. 
Rolling Stock 
(Open car bodies) 4 Trac. Val. Comm. Chic. Con. Tract. Co. 
(Open trailer bodies) 4 “ Ж : ч ж ы 


(Closed car bodies) 5 б “ “ а “ “ 
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APPROVED RATES USED IN ESTIMATING THEORETICAL DEPRECIATION 
(Maintenance not included) 


property 


(Trucks) 
(Closed and open cars) 


(Trucks) 


(Car bodies and equipment) 


Stack 
(Steel) 


Stokers 
(Fixed parts) 
(Moving parts) 
Storage Batteries 


Switchboard and Wiring 


(Modern type) 
(Obsolete type) 


Telephones 

Track (Rail Joints) 
(Ties) 
(Rails) 


(Special work) 
(Straight and 
special work) 


(Straight and 
special work) 


(Special work) 

(Straight Track) 
Transformers 

(Station Service) 


Turbines 
(Steam) 
(Water) 
(Steam) 


Depreciation 
per cent per 
year 


Straight line 


10 


64 
8 
10 
5 
5 
Dependent on 
observed wear 
Dependent on 
observed wear 
50% wearing 
value 


50% wearing 
value 


83 
54 


5 
64 
6% 


Authority 


B. J. Arnold 


Henry Floy 


Wisconsin P. S. C. 


Traction Val. Comm. 


B. J. Arnold 


Traction Val. Comm. 


Henry Floy 


Wisconsin P. S. C. 
St. Louis P. S. C. 


Traction Val. Comm. 


B. J. Arnold 
Henry Floy 


S. C. 


Wisconsin P. 
a а 

St. Louis P. S. C. 

Wisconsin P. S. C. 


Tract. Val. Comm. 


a a 

в a 

a а 
В. J. Arnold j 
Henry Еоу 


Wisconsin P. 
a 


S. C. 


Wisconsin P. S. C. 


St. Louis P. S. C. 


Wisconsin P. S. C. 


Bt. Louis P. S. C. 


Remarks 


Coney Island & Brooklyn 
adopted by P. S. C., N.Y. 

Coney Island & Brooklyn 
adopted by P. S. C., N.Y. 

3rd Ave. case, adopted by 
P. S. С., М. Y. 


Chicago Con. Tract. Co. 
Coney Island & Brooklyn 
adopted by P. S. C., N.Y. 


Chicago Con. Tract. Co. 
к в 


3rd Ave. case, adopted’ by 
P. S. C., М. Y. 


Union Elec. L. & P. Co. 

Chicago Con. Tract. Co. 

Coney Island & Brooklyn 
adopted by P. S. C., N.Y. 

3rd Ave. case, adopted by 
P. S. C., N. Y. 

Union Elec. L. & P. Co. 


Chicago Con. Tract. Co. 


Coney Island & Brooklyn 
adopted by P. S.C., МУ. 


3rd Ave. case, adopted by 
P. S. C., N. Y. 


Union Elec. L. & P. Co. 


Union Elec. L. & P. Co. 
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APPROVED RATES USED IN ESTIMATING THEORETICAL DEPRECIATION 
(Maintenance not included) 


Depreciation 
per cent per 


year 
property Straight line Authority Remarks 
Wire 
Trolley Allowance of 80 5 Ibs. per 1000 ft. for wearing value. 
of No. 1/0 wire Tract. Val. Comm. Chicago Con. Tract. Co. 
в в a в 


a Allowance of 106.8 for No. 2/0 * = е 
From observa- 
tion B. J. Arnold Coney Island & Brooklyn, 
adopted by P. S. C., N.Y. 
W. P. 50% maintenance cost 

Henry Floy 3rd Ave. case, adopted by 

P. S. C., М. Y. 

Trolley 1/Ounder 1 minute headway 50 Wisconsin P. S. C. 


s 2/0 4 1 * * A40 “ 

в 3/0 a 1 a в 334 а в 

W. P. 0) “ ы 

W. P. 7% Arbitrators Street Lighting Con., At- 


. lanta, Ga., 1899. 


DEPRECIATION ACCOUNTS OR RESERVE FUNDS 


A recognition of the various classes of depreciation con- 
tinuously at work on physical property with the means taken to 
compensate for deterioration or the conservation of the original 
investment, whether through expenditures made as a part of 
regular operating expense or from accumulated funds or even 
through assessments on investors—provided capitalization is 
not thereby increased—has no necessary connection with the 
bookkeeping classification of the expenses or the amounts that 
may or may not have accumulated in reserve funds. While 
wear and tear have commonly been borne as a part of operating 
expense, it is equally important that the other classes of deprecia- 
tion, or annual provision for accruing deterioration, be made a 
part of the cost of operation if the investment is to remain intact. 
In all cases involving a consideration of the expenses of keeping 
а property in operation, there should invariably be included 
allowances to cover all ultimate depreciation and replacement. 
For a small company or where relatively large proportions of the 
invested capital are locked up in few or single pieces of property, 
itis preferable to accumulate, in advance out of operating income, 
reserve funds from which to provide for all classes of deprecia- 
tion. But such method may be unnecessary and possibly an 
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inexpedient accounting complexity with large corporations, 
where the investments in any single piece of physical property are 
small relative to the total investment. The truth of the above 
will be at once recognized from the following illustration. Ifthe 
company which erected the Metropolitan Life Insurance building 
had only that property, it would be essential that funds should 
be laid aside annually in amounts sufficient to replace the original 
investment at the end of the useful life of said building. On the 
other hand, if all the surface railways, subwavs and elevated 
railways, electric light and power companies doing business in 
greater New York were a single corporation, it probably would be 
an entirely unnecessary and useless accounting expense to main- 
tain depreciation accounts and funds for the various pieces of 
physical property. It will be seen that the replacement of a 
considerable percentage of the trackage or a large amount of the 
rolling stock or even a complete power house, in the natural 
course of operation, would not make such draft upon the gross 
income or effect the annual operating expenses to such an extent 
as to jeopardize the net earnings or unwarrantably increase the 
amounts regularly expended on account of depreciation. In 
bricf, where the properties are large enough, depreciation be- 
comes only normal wear and tear but in any case, operating 
expenses should be made to provide for ultimate loss in value, 
whether reserve funds are accumulated or all depreciation is 
charged to the '' wear and tear account." It is on this theory 
that, a large property having numerous physical elements, all 
deterioration becoming simply “ wear and tear” and а part 
of operating expenses, the Receiver of the Third Avenue Railway 
in New York City declines to obey the order of the Public Ser- 
vice Commission and provides no depreciation fund whatever, 
simply removing deterioration. when it occurs and charging it 
as maintenance in operating expenses. 

It has been the too frequent practice in the past to regard 
wear and tear as the only elements of depreciation chargeable to 
the operating expense and to charge capital account in whole 
or in part with expenditures for age, inadequacy and obsoles- 
сепсе. Тһе error of this procedure is now almost universally 
recognized and the injustice of such improper handling of de- 
preciation to both the investor and the public being served is 
clearly illustrated in the following example. Assume that the 
depreciable property of a ''going concern " represents ап in- 
vestment of $1,000,000 upon which the average depreciation is 


44 
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10 per cent or $100,000 a year, and the interest charges at 6 per 
cent amount to $60,000 a year. Consider two plans of operation 
first, that in which depreciation except wear and tear is not 
provided for as a part of operating expenses and that said de- 
preciation, 1.e., renewals and replacements is taken care of by 
the sale of additional securities. The second plan contemplates 
that all depreciation including wear and tear is included asa 
part of operating expenses. Results of the operation of these 
two plans will be as follows: 


15% plan 2nd plan lst plan 2nd plan 

capital capital paid by con- paid by con- 

invested invested sumer each yr. | sumer each yr. 
15% year | $1,000,000 $1,000,000 $60,000 $160,000 
2nd year | 1,100,000 1,000,000 66,000 160,000 
3rd year | 1,200,000 1,000,000 72,000 160,000 
4th year 1,300,000 1,000,000 78,000 ` 180,000 
5th year 1,400,000 1,000,000 84,000 160,000 
6th year 1,500,000 1,000,000 90,000 160,000 
7th year | 1,600,000 1,000,000 96,000 160,000 
8th year | 1,700,000 1,000,000 102,000 160,000 
9th year 1,800,000 1,000,000 108,000 160,000 
lOth year 1,900,000 1,000,000 114,000 160,000 
llth year 2,000,000 1,000,000 120,000 160,000 
12th year 2,100,000 1,000,000 126,000 160,000 
13th year 2,200,000 1,000,000 132,000 160,000 
14th year 2,300,000 1,000,000 138,000 160,000 
15th year 2,400,000 1,000,000 144,000 160,000 
16th year 2,500,000 1,000,000 150,000 160,000 
l7th year | 2,600,000 1,000,000 156,000 160,000 
18th year 2,700,000 1,000,000 162,000 160,000 
]9th year 2,800,000 1,000,000 168,000 160,000 
20th year | 2,900,000 1,000,000 174,000 160,000 
ж ж ж . ж > * * $ * *,* * 4. ж 
50th year | 5,900,000 1,000,000 354,000 160,000 
Total paid by |Consumers..... $10,350,000 $8,000,000 


From the above, it will be seen that, as regards the investor, 
under the second plan, he has his security unimpaired at the 
end of the life of the apparatus; and under the first plan, the 
capitalization is constantly increasing and before many years, it 
equals an amount several times that of the actual security. 
As regards the consumer, under the second plan he saves over 
$2,000,000 or 25 per cent of the cost for exactly the same service 
rendered him under the first plan. 
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APPLICATION OF DEPRECIATION 


In considering the subject of depreciation, it should be clearly 
understood and appreciated that the term is used in two entirely 
distinct and. separate meanings as follows: 

1. Rate of Depreciation. In the determination of an annual 
rate of deterioration, which is continuously reducing the worth of 
= the property and may be desired merely for the purpose of 
estimating the proper amount to lay aside yearly in reserve 
funds. In this use of ''depreciation ", there is not usually 
included the amount of deterioration taken care of as a part of 
the regular operating expenses; that is, wear and tear, the term 
generally refers onlv to the deterioration due to age or inadequacy 
or obsolescence—anv one of these terms but not the sum of them. 

2. Total of Depreciation. Іп determining the total estimated 
deterioration of property at a given period, which amount is ob- 
tained for the purpose of deducting it from the cost—new or re- 
production—to obtain present value. Іп this use of the term, 
which is really the condition of being deteriorated, there must 
be included a consideration of all classes of depreciation; wear 
and tear, age, inadequacy, obsolescence, and deferred main- 
tenance. 

There has been such marked development and improvement in 
all mechanical appliances, particularly along the electrical lines, 
that inadequacy and obsolescence have usually come into 
effect before age, and in consequence, knowledge of the deprecia- 
tion of all electrical properties due to аре has not yet been fully 
established. This results from the fact that the amount of data 
relating to electrical properties which is available, showing by 
specific reference the date both of installation and abandonment 
through “age " is remarkably small. It should be widely col- 
lected and correlated. 

The determination of depreciation due to inadequacy and 
obsolescence is a particularly delicate matter, it depends so 
largely on local conditions and especially upon individual judg- 
ment and equipoise. Inadequacy and obsolescence usually 
develop so quickly that very frequently the property in question 
becomes inadequate or obsolete within a few weeks or months, 
and has depreciated to scrap value almost as soon as these 
classes of depreciation are recognized; a space of time entirely 
too brief in which to apply ordinary methods of offsetting de- 
preciation. Thus it will be recognized that an attempt to 
prognosticate on inadequacy and obsolescence over considerable 
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periods in advance of their appearance is little more than a guess, 
even by the most experienced. 

There is urgent necessity for coóperation by manufacturers, 
consulting engineers and operators of public utility properties for 
‘the purpose of collecting data available as to the depreciation 
of physical property of all classes used by public utilities. The 
information should be so collected as to make clear the causes of 
depreciation and the rate at which it has progressed. For 
example, wear and tear would probably have to become sub- 
divided into maintenance and accident, otherwise a serious acci- 
dent would make abnormal increase in the wear and tear de- 
terioration. Obsolescence might be divided so as to show whether 
the obsolescence was caused by citv ordinance or the invention 
of new apparatus. In obtaining aye depreciation, care must be 
exercised that the apparatus is abandoned through exhaustion 
of life not through inadequacy or obsolescence. 

In determining the total amount of deterioration due to in- 
adequacy and obsolescence, only those elements of the property 
which have clearly and unequivocally so depreciated should be 
written off to this account, because as previously stated, opinions 
of engineers on this subject may differ honestly but widely. 
On the other hand, in determining the rate of depreciation for 
making provision covering inadequacy and obsolescence, the 
leaning should be to the other side; that is, the engineer should 
be sure to provide a rate high enough to take care of these classes 
of depreciation out of the operating income; for the reason that 
in this case, the expert is endeavoring to forestall the future and 
he must be conservative in protecting the property; otherwise, 
a sudden development of inadequacy or obsolescence will result 
in an abnormal depreciation account without funds to take care 
of same. No unfairness will result from such method of pro- 
cedure as any too rapid accumulation of funds would result 
merely in a revision of the rate. 

As the United States Bureau of Internal Revenue provides that 
reduction in value authorized for depreciation ‘‘ shall include 
all expense items under the various heads acknowledged as 
liabilities," it will be seen that the proper understanding of the 
question of depreciation is a vital one for those connected with 
corporation management because if no depreciation fund is set 
up, nothing can be included in the cost of operation as necessary 
to provide for depreciation, as would be essential in a case in- 
volving rate regulation for example. Moreover, the State Pub- 
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lic Service Commissions are now generally requiring the sctting 
up of depreciation accounts and reserves оп a basis to be dc- 
cided by each corporation itself, thus necessitating a thorough 
understanding of the various phases of the theory of deprecia- 
tion. 

1. Rate of Depreciation. 

“ The amount that should be charged off annually for depreciation is 
difficult to determine. The life of the various classes of property depends 
very largely upon the original quality of the same, the location, the kind of 
usage to which it is subjected, the amount expended for ordinary or cur- 
rent repairs, the promptness of these repairs, and upon other factors of 
this character. In addition to this, there is also the question of ob- 
solescence, or such changes as become necessary because of new inven- 
tions or because of changes in the art. In the electrical field in particular 
such changes are very frequent. * * * It is usually held that from 
5 to 10 per cent on the investment is required yearly to meet depreciation 
of all kinds, depending upon conditions. When current repairs are light, 
it 15 probable that the amount to be set aside will closely approach the 
latter figure; when current repairs are heavy and the propertv kept in 
good condition, the former figure may be sufficient. А great deal de- 
pends upon the conditions under which the plant is operating. It is 
probable that the actual amount that is needed by any particular plant 
can be determined only through experience and by a close study of all 
the facts involved.''* 

The manner of determining the amount to be set aside for ап- 
nual depreciation varies, there being three general methods recog- 
nized. 

a. An estimate based on a percentage of the cost of the prop- 
erty being depreciated. Said percentage is such that either on 
a straight line or one of the sinking fund bases heretofore 4с- 
scribed it will be sufficient to provide a fund which, together 
. with the scrap value, will replace the property in question. 
Such method of providing depreciation funds has been adopted 
for example by the Madison (Wisc.) Gas and Electric Co. The 
Special Master in the Columbus, Ohio case held that the amount 
of operating expenses chargeable to depreciation should be 
““ five per cent of the total cost of the plant including real estate, 
real estate constituting but seven per cent of the total valuation.” t 
Тһе present laws of Massachusetts provide in respect to munici- 
pally owned gas or electric plants, that there shall be included 


"Decision of the Railroad Commission of Wisconsin, June 2, 1908. 
City of Dodgeville es. Dodgeville Electric Light & Power Co. 

tColumbus Railway and Light Company vs. City of Columbus, Report 
of Special Master іп the Circuit Court of U.S. Southern District, of Ohio, 
Eastern Division, page 43. 


=. 
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an amount for “ depreciation equal to three per cent of the cost 
of the plant exclusive of land and water power appurtenant 
thereto." 

b. А fixed percentage of the gross carnings. This is a very 
convenient and quite widely used method. It has the advantage 
of regulating the amount provided for depreciation in accordance 
with the gross income but a fund so provided, may have no 
proper relation to the deterioration actually taking place in the 
property because it is fixed entirely independently of the invested 
values. This method is sometimes taken to include wear and 
tear and sometimes not. The practice in this regard is illustrated 
by the following companies: 


Per cent of gross revenue 
. expended or appropriated for 


Name of companv Maintenance Depreciation 


Milwaukee companies: 


Railway дерагбтеп(6.................... 11.3 9.9 
Gas, electric light and steam heat depart- 

MCHC sad o pone Ааа d E RUE 6.15 8.12 
United Railways Company of St. Louis...... 13.67 10.0 
Union Electric Light & Power Co., St. Louis.. 4.95 16.0 
Suburban Electric Light & Power Co........ 7.10 10.85 
Detroit Edison Company and subsidiaries.... 6.45 10.23 
Omaha & Council Bluffs Street Railway Co.. 10.0 
Chicago Street Railways........... — Ü 6.0 8.0 


c. On the basis of kilowatt-hours output or car-miles run. 
For example the New York Edison Сотрапу charges off monthly 
for renewals and replacements, ес., an amount equal to one 
per cent per kilowatt hour on current sold to general consumers 
in addition to wear and tear. In Cleveland, five cents per car 
mile is provided to cover both maintenance and other deteriora- 
tion. In Brooklyn, the subsidiaries of the Brooklyn Rapid 
Transit System allow amounts varving from 2.7 cts. to 4.4 cts. 
per car mile for equipment of surface roads and from 1.4 cts. 
to 2 cts. per car mile for equipment of cither elevated or partly 
elevated railwavs; from 2.2 cts. to 2.4 cts. per car mile for way 
and structures for surface roads; from 1.1 cts. to 1.8 cts. for 
elevated or partly elevated railways, to cover not onlv obsoles- 
cence, inadequacy, renewals and replacements but also repairs 
and maintenance. 
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In estimating depreciation where approximate results only 
are desired, it is more quick and convenient to disregard scrap 
value and consider only cost in determining the principle to 
which the rate of depreciation or the amount of depreciation 
obtained is to be applied. The better and more refined method 
is to consider scrap value, which must first be deducted from the 
. cost, and the remainder used as the principal to which to apply 
the rate or the amount of depreciation. 

2. Total Depreciation. In order to determine at any given 
time the total amount of depreciation that has taken place in 
physical property, the cost—either original or reproduction— 
must be determined and from this subtract the total estimated 
amount of depreciation. In determining the total sum of depre- 
ciation, all articles or property included in the inventory, which 
are not reasonably held for future expansion of the business or 
held at scrap value, awaiting sale, which have been “ laid aside 
and thrown away " and for which ‘‘ new machinery and new 
construction has been substituted,’’* together with such de- 
terioration as results from wear and tear and existing inadequacy 
or obsolescence and any deferred maintenance, must be taken in 
order to obtain the aggregate absolute depreciation. From the 
cost should then be deducted this absolute depreciation in order 
to obtain the present real or service value of the property. If it 
is desired to go further than this and obtain a theoretically de- 
preciated value, as has been done in many instances, the absolute 
depreciation determined, as above, must be increased by a 
theoretical depreciation determined by the use of estimated 
amounts of deterioration in accordance with curves 3, 4 or 5 
of Fig. 1, or some other preferred method, to cover assumed 
deterioration for age and non-existent but expected, inad- 
equacy or obsolescence. 

In determining the value of the physical property at any 
given time, the theoretical depreciated condition 1s obtained by 
considcration of the following items: 

A Cost to reproduce, or original cost. 

B Scrap value. 

C Wearing value. 

D Wear and tear 

E Age 


*People ex rel. Binghamton Light, Heat and Power Co. vs. Stevens 
Appellate Division, New York, Third Dept., March Term, 1911. (not 
reported). 


1911] FLOY: DEPRECIATION 1175 


F Inadequacy. 

G Obsolescence. 

Н Deferred maintenance. 

I Remaining wearing value. 
J Present value. 


C=A minus В 
E 
Or 
I-C minus (D+; F } +H) 
Or 
G 
J=I+B 


DOLLARS 


15 
YEARS 
Fic. 2 


4 


In obtaining the “тетаіпіпр wearing value " (I), it will be 
noted that “аре” or ‘inadequacy " or ‘‘ obsolescence ”’ 
(Е or Е or С) is used in the formula, but not the sum of these 
quantities. Тһе reason for this will be recognized from а con- 
sideration of the accompanying diagram, Fig. 2. 

Let OC, that is B D equal scrap value, and ОА, the cost, 
either original cost or cost to reproduce new. Assuming the 
line O B, that is, C D, represents the length of life of the property 
under consideration, the line 2 represents ''theoretical" de- 
preciation due to age, on a “ straight line ” basis (which may well 
be replaced either by sinking fund method— curves 4 and 5 
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of Fig. 1), and this element, age, would ordinarily be the rate 
of depreciation used unless inadequacy or obsolescence comes into 
effect. For the purpose of illustration, assume that line 1 
represents rate of depreciation due to inadequacy and line 3 
depreciation due to obsolescence. At a glance it will be seen 
that as the apparatus in question would be abandoned because 
of inadequacy some five years before, it would be abandoned 
for age, and as it would become decrepit and have to beabandoned 
on that account before obsolescence came into play, that in- 
adequacy alone of the three classes of depreciation under con- 
sideration is to be taken into acconut. At a given period, say 
10 years, from installation, the vertical distance from the point 
indicating 10 years, will indicate by intersection with the proper 
curve, the theoretical amount of obsolescence, age and inade- 
quacy; but the sum of these would be greater than the original 
cost showing clearly that the depreciation which will first cause 
the abandoning of the article in question, should alone be con- 
sidered, in addition to wear and tear, and deferred maintenance. 

The above sets forth the general method of applying the 
: theory of depreciation when the proper and total amount of 
deterioration is obtained, without regard to whether one is con- 
sidering the sales valuc, service value, or theoretical deprecia- 
tion. It is office work entirelv; but on the other hand, the 
determination of the amount of depreciation in a given property 
is not office work and not principally so. АП authorities agree 
that no exact estimate of the amount of depreciation of physical 
property could be obtained without personal visual examina- 
tion supported by broad experience and sound judgment; and 14 
is for this reason, because of the personal equation, that experts 
differ so widely as to results. 

The fallacy of attempting to determine absolute present value 
by deducting from the cost to reproduce new or original cost, 
the value at a given age, as indicated by curves 3, 4 or 5, in 
Fig. 1, will be at once apparent from a consideration of the fol- 
lowing: 

Assume that the '' present value ” of a given piece of property 
is desired, which has an estimated life of 20 vcars, ten vears 
having already expired. If at the several points there be taken 
on curves 3, 4 and 5, respectively represented by the "straight 
line " and “sinking fund " methods, the depreciation of the 
same property at the same time, we have three decidedly different 
values depending on which curve is used, and if three differ- 
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ent engineers estimating the present value, each adopt a different 
curve, they are prepared to go on the stand and testify to three 
different values of the property in question, which of course, is an 
absurdity and makes them ridiculous. Аза matter of fact, the 
apparatus in question can have only one value or another 
neither of which will depend on the method adopted for accum- 
ulating funds for which all these curves are useful; but upon 
whether the apparatus is being valued for what it would bring 
when sold for use elsewhere, as shown by curves 1 and 2, or its 
worth for use in connection with the purpose for which it was 
installed, as shown bv curve 6. 

Very many authoritics agree that in making an estimate of the 
amount of depreciation effective іп any property, ''used or 
useful," there should at least be included 1n the amount to be 
deducted, an estimate of the amount of wear and tear, deferred 
maintenance, if any, also scrap value of property that has been 
worn out or superseded as well as inadequate or obsolete 
property provided it is still inventoried. 

“ Where equipment not actually part of the producing plant has been 
retained and serves as an emergency or reserve unit, it 1s properly in- 
cluded as property used and useful in serving the public. Equipment, 
however, which has been cast aside for larger units, more adapted to the 
present use of the plant, or which has been abandoned as impracticable, 
cannot be included as a part of the valuation serving as a basis for ad- 
justment of rates.''* 

The only allowable exception to the inclusion of inadequate 
or obsolete property as a part of depreciation, 15 where inade- 
quacy or obsolescence has so suddenly and largely effected a 
property that its earnings have not permitted the writing off 
at the time or since such developed depreciation; then in such 
cases it may be that capitalization or earning basis should not 
be reduced by taking account of any such depreciation. This 
principle has been established by the United States Circuit 
Court where it held that in considering the cost of reproduction 
new, $2,000,000, the value of old street railways that had been 
replaced, should be allowed for and included.f 

А similar view was expressed by the Supreme Court in the 
opinion written by Justice Brewer in 1894. 


* Decision and Order of Railroad Commission of Wisconsin, June 17, 
1910. In re-Application of the Darlington Electric Light and Water 
Power Company for Authority to Increase Rates. Valuation of Property. 

tU. S. Circuit Court in the Milwaukee Electric Railway and Light Co. 
vs. City of Milwaukee, 87 Fed. 577. 
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“И is not always reasonable to cast the entire burden of the deprecia- 
tion on those who have invested their money in railroads. Take the 
Union Pacific Railway, for illustration. At the time the government 
created the corporation, to induce the building of this transcontinental 
road through a largely unoccupied territory, it loaned to the company 
$16,000 a mile; taking as security therefor a second lien on the property 
and granting to the corporation the right to create a prior lien to an equal 
amount, which was done. There is testimony tending to show that the 
road in Nebraska could be built to-day for $20,000 a mile. Would it 
be full justice to the government, would it satisfy the common sense of 
right and wrong, would it be reasonable, for the State of Nebraska to so 
reduce the rates that the earnings of the road would only pay ordinary 
interest on $20,000 a mile, and so, the holders of the first lien being paid 
their interest, the government be forced to be content with only interest 
on one-fourth of its investment? Or, to put the case in a little stronger 
light, suppose the promoter of this enterprise had been some private 
citizen who had advanced his $16,000 a mile as the second lien, and that 
the road could be constructed to-day for only $16,000 a mile. Would 
it be reasonable and just to so reduce rates as to simply pay to the holders 
of the first lien reasonable interest, and leave him without any recompense 
for his investment?’’* 


Whether or not “theoretical depreciation " should be in- 
cluded as part of the total depreciation in determining 
fair value of physical property is a mooted question. The 
Public Service Commissions have rather leaned to the opinion 
that such depreciation should be considered in determining 
fair value. On the other hand, many, if not all, of the court 
decisions are against such inclusion of theoretical depreciation. 
This is indicated by the decision of the Supreme Court sustaining 
the Master's opinion in the famous Consolidated Gas case of 
New York City. The Master says, regarding the testimony of 
the expert for the plaintiff, Mr. Marks, and for the defendant, 
Mr. Mayer, that 


“ Mr. Marks did not particularly regard the extent of depreciation 
actually existing, but assumed a theoretical deterioration of the supposed 
life of the plant. Не testified: 

' Depreciation results from several causes. Тһе most ordinary 
one Is decay or wear and (саг, as observed. There 15 another factor 
which is inadequacy, owing to the increase of the business. "There 
is also another cause of depreciation, obsolescence, which is due 
to the changes in the arts and in the methods and in the general 
growth of scientific knowledge; if a works built at a certain period is 
kept in perfect repair, meaning by that, always restored to their 
original condition, and in good working condition, there remains, 
assuming that, a depreciation due to both obsolescence and to 1n- 
adequacy.' 


*Ames 15. Union Pacific Railway Company, 64 Fed. 165. 
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“Іп this view Һе made estimates on the theory of the cost of final 
replacement to cover such inadequacy or obsolescence, ranging from 25 
per cent to 60 per cent and based on a supposed hfe of 120 vears for the 
plant. Тһе discrepancy between his valuations and those of Mr. Mayer 
is largely due to their different methods of estimating depreciation. He 
said: 

‘Мг. Mayer does not differ largely from my now figures of struc- 
tural cost. You may say for all ordinary purposes they coincide, 
with the exception of the gas holders and even there they do not differ 
largely. It is the question of depreciation entirely.' 

“ As will hereafter appear, it is proper in the administration of a manu- 
facturing plant to take depreciation of the character above described into 
account and provide against it by setting aside a reserve fund from current 
earnings. For the purpose of determining present value, however, par- 
ticularly on the basis of cost of reproduction, the method followed by 
Mr. Marks does not commend itself. It appears from the record, without 
substantial dispute, that while certain of the plants and apparatus may 
not be in perfect repair, they are as a whole, in efficient operating condi- 
tion, and that a large proportion of their capacity is represented by the 
latest pattern of water gas apparatus installed within the last few 
years. * * * 

“ The fact thus being that the plants: are in good order and operating 
efficiently, it does not appear reasonable, for the purposes of this case, 
to charge them with a theoretical deficiency so great as, if actually exist- 
ing, would make their successful operation a practical impossibility. Ап 
estimate of depreciation like those of Mr. Edgerton and Mr. Mayer, 
based on a detailed examination of the property as lt stands to-day, 
affords in my opinion a more fair and practicable method to be followed 
in determining its value.'’* 


From the above, which is probably as full an exposition of the 
proper basis for estimating depreciation as ever approved by 
the Supreme Court, several important points are made clear: 

a. Depreciation should be determined by personal inspection 
rather than by theoretical estimate. 

b. Property that is in good order and operating efficiently, 
although not new, should not be depreciated, at least in rate cases. 

The decision of the Supreme Court in the Consolidated Gas 
case has not been given due considération in the matter of de- 
preciation as against the same court's decision in the Knoxville 
Water case, although both decisions were rendered the same 
day. In the writer's opinion there is no contradiction between 
these decisions as to the meaning of '' fair value " or method of 
allowing for depreciation if the decisions are fairly interpreted. 

Ап examination of the Master’ 6 Report in the Knoxville 


* Master's Report, Consolidated Gas Co. of New York. Filed: Tun 
24, 1907. 
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case shows that in obtaining the value of the property on which 
he estimated the rate of return, he used higher unit prices than 
the average; he included over $22,000 worth of service connec- 
tions, which had been donated by the water consumers; also 
$2,000 as a “ contingent allowance for bad bottom,” and he did 
not make any deduction for wear and tear, deferred main- 
tenance, inadequacy or obsolescence, adding the sum of both 
complete and incomplete depreciation to the estimated value of 
the surviving plant in order to obtain the value which he used as 
the basis of rates. As the Supreme Court clearly states, it did 
not attempt to decide how much of the Master’s value of the 
tangible property should have been diminished by the deprecia- 
tion which the property had undergone, stating it would be 
improper that “ the amounts of complete and incomplete de- 
preciation should be added to the present value of the sur- 
viving parts "іп order to obtain the total plant value to be used 
as а basis of rate making. This position is further explained 
by the following quotation: 

“Тһе cost of reproduction is one way of ascertaining the present value 
of a plant like that of a water company, but that test would lead to obvi- 
ouslv incorrect results if the cost of reproduction is not diminished by the 
depreciation which has come from age and use.’’* 

Is it not clear that in this case the Supreme Court consistent 
with its decision in the Consolidated Gas case was pointing 
out that such depreciation as that due to “ complete” de- 
terioration, " use " that is, wear and tear, also deferred main- 
tenance, inadequacy, obsolescence, age—in the sense that the 
life had completely expired—must be estimated and deducted 
from cost in determining fair present value. If not, and the 
Knoxville Water case properly construed means that present 
value is to be obtained by deducting the theoretical depreciation 
from cost, how does the Supreme Court explain its decision in 
the gas case? By what method 1s theoretical depreciation to be 
determined? At which month in the life of the physical property 
which extends over years is the present value to be estimated? 
Assume that the lifc of a complete property is 20 years, then at 
the end of 19 years and 6 months, the present value of the 
property would be almost nil and the rates thereon would in- 
clude practically nothing in the way of return on the property, a 
year thereafter the property being entirely replaced and new, 


*[n the Knoxville Water Case (City of Knoxville vs. Water Company, 
212 U. S., 1) 
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the rates would be incomparably higher and between these two 
extremes, the rates will fluctuate depending on the year or the 
month in which the present value is estimated. Consider two 
surface railways running out parallel avenues from the centre 
of a city to the suburbs, both alike in construction but one ten 
years old and the other put in operation within a year. If 
theoretical depreciation is considered the present values of these 
two properties are quite different, the older road being worth 
appreciably less than the new road, although the original cost of 
installation may have been the same in both cases. Under 
such circumstances, is the older road to be allowed to charge 
only a four-cent fare, assuming that that gives a fair return on 
the estimated present value, while the new road must charge а 
five-cent fare for the same return on its estimated value? What 
would be the result practically of such method of fixing rates? 
The old road would be swamped with business and the new road 
would be unable to maintain its earnings. Again, the theoretical 
present value of the property of a lighting company might be’ 
found to be 50 per cent of the cost new but such value would 
not properly represent its worth in service to the public because 
it would probably be in such poor condition that continuous 
and satisfactory service could not be rendered and the real worth 
and service to the public would be very much below 50 per cent. 
On the other hand, through extravagant management, and the 
replacing of partly worn out apparatus before economically 
necessary and the incurrence of abnormally high maintenance 
charges in order to maintain the theoretical present value of the 
property at say 90 or 95 per cent, there would result unnecessarily 
high operating expenses and unwarrantable charges upon the 
public merely for the sake of maintaining a theoretical high 
present value on which a fair rate of return must be allowed. 
A property of this kind maintained at an abnormally high 
present-value worth, would be of no greater service to the public 
than one of which the present-value worth might be only 75 per 
cent, whereas the burden to the public in maintaining the former 
property would be very much higher than the latter. Can such 
fanciful and variable bases be intended by the Supreme Court to 
be taken as that on which rates are to be estimated and regulated. 
Such conclusion would be illogical, unreasonable and unfair. 
Provided a property is kept in good order and at 100 per cent 
working efficiency so as to render service to the public equivalent 
to that of a new plant, the question of rates or value of property 


r 
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in its service to the public has absolutely nothing to do with the 
amount of reserve funds the corporation may or may not have 
accumulated. The value of anv physical property, as must of 
course be recognized, has no relation whatever to the amount of 
money a corporation may have to its credit in the bank, nor have 
rates for service as far as we have ever heard, been based on the 
amount of a company’s surplus or reserve funds. While the 
engineer must be quick to recognize loss of value where 1% ac- 
tually exists and to make deductions for property that has been 
worn out or superseded, he should not be misled into including 
hypothetical or academic values. 

The confused state of mind that prevails with regard to the 
application of depreciation in determining present value, results 
largely from the misapplication of principles established by the 
Courts in rate cases. These decisions expressly provide that 
allowances to cover the deterioration of all sorts including ulti- 
mate replacement, are to be provided out of operating income; 
citations supporting this view are too numerous to mention but 
a quotation from the Knoxville Water case, referred to above, 
is particularly pertinent in this connection. 


“The company is not bound to see its property gradually waste, 
without making provisions out of earnings for replacement. It is en- 
titled to see that from earnings the value of the property invested is kept 
unimpaired, so that at the end of any given term of years, the original 
investment remains as it was at the beginning.”* 


In view of the perplexed state of mind and contradictory 
decisions that exist, the clear thinking and fair decision of the 
St. Louis Public Service Commission is refreshing. The quota- 
tion 15 a brief summary of their method of determining present 
value—which did not include deductions for mere age—in fixing 
fair rates to be charged by the Union Electric Light and Power 
Company of St. Louis. 


“Іп depreciating to arrive at the present value of the depreciable 
property, the Commission does not consider it fair to make deductions 
for anything but the present physical condition, and for items where it is 
plainly apparent that the property has become obsolete or inadequate. 
The usual estimate of the life of different parts of a public service property, 
so far as thev deal with obsolescence or inadequacy, are extremely prob- 
lematical and these elements should not be generally taken into account 
in determining present value.” t 


"Knoxville rs. Water Company (212 U. S., 1). 
tReport of St. Louis Public Service Commission to the Municipal 
Assembly of St. Louis on Rates for Electric Light and Power, 1911. 
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FirFTY PER CENT METHOD 


A quick and it seems to the writer a very fair method of ob- 
taining the theoretical depreciation of certain classes of physical 
property, has been used in some utility appraisals and may be 
called the “ fifty per cent method." This system was originally 
suggested from a consideration of the mortality or life tables 
used by the Insurance Companies, which give average results. 
While it 1s never desirable to determine depreciation without 
inspection of physical conditions, the '' fifty per cent method," 
by reason of its simplicity and prompt derivation of results and 
its freedom from individual judgment or bias has strong claims 
to pronounced advantages and in any case may be a desirable 
checktoother methods. It hasbeen used by Professor. M E. Cooley 
in connection with his figuring of depreciation, in the Michigan 
State Appraisal, H. P. Gillette 1n the appraisal he conducted 
for the State of Washington, B. J. Arnold in appraisal work 
he did for the Public Service Commission of the First District 
of the State of New York and the writer in connection with 
reorganization of the Third Avenue Railway in New York City, it 
has I understand also been approved by the Master Car Builders 
Association in connection with the appraisal of rolling stock. It 
will be at once recognized that to apply this method of estimating 
depreciation, it 1s essential that the property being depreciated 
shall include a large number of similar parts, for example, 
in 1ts application to a transmission line, the poles should all be 
of wood with similar character of cross arms and of approxi- 
mately uniform dimensions and the installation should have 
been made such a length of time that the annual expense for 
maintenance and repair is practically uniform. This condition 
is only reached after property has been in use a considerable 
length of time, certainly five and preferably ten or fifteen years 
in the instance cited, so that the parts are being renewed piece- · 
meal and it is possible to find some poles, cross arms and braces 
just ready to be replaced, others new, having been replaced within 
a few days or wecks and between these extremes, all stages or 
conditions. Another class of property to which this method of 
depreciation may be applied is rails, ties, the smaller sizes of 
transformers, meters, arc lamps, boiler tubes, street railway 
motors, etc. It will be seen that this method of determining 
depreciation will be fallacious; if the installation does not con- 
sist of a large number of similar elements or has not been in use 
for a sufficient length of time to permit the repair account reach- 
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ing its normal maximum, which it would not do unless practi- 
cally all parts have been renewed once and renewals are con- 
stantly taking place; hence, it could not be applied to the 
buildings of a corporation which owned few buildings and prob- 
ably not even to engines or generators because usually they 
would be too few in number—except for the very largest organiza- 
tions—to permit their being replaced without abnormally effect- 
ing the amount annually appropriated on account of deprecia- 
tion. The net result of the application of the fifty per cent 
method is at once apparent, fifty per cent of the cost less salvage, 
will be immediately written off as depreciation. 


DEPRECIATION OF CONTINGENT PERCENTAGES 


The percentages added to structural costs to cover engi- 
neering, incidentals, contingencies, etc., in order to obtain 
physical values have usually been considered an inherent part 
of the cost of the physical property and treated as such in con- 
nection with the depreciation of the physical property. With 
certain parts of the property, this is undoubtedly a correct 
procedure and for the sake of simplicity and consistency may be 
recommended; but as a matter of fact, the original engineering 
investment in certain parts of the physical equipment, for 
example, road-bed and track, still remains there and is as much 
a part of the property as the real estate, although the rails and 
ties, which have been cited, may have been many times relain 
and paid for as a part of operating expenses. It would be no 
more unreasonable to leave such investment percentages unde- 
preciated than it is to depreciate the physical property entirely 
independent of development expenses or going value which 
seldom, if ever, has been practiced. It has been held by some 
that the discount on securities should be written off at the same 
rate as depreciation of the physical property; but the more usual 
plan is to amortize such costs at a lower rate, determined by the 
life of the bonds. In come cases, it may not be advisable to 
amortize such investments of this character at all, justification 
for which is evidenced by the decisions of the Public Service 
Commission of New York, First District, in the Third Avenue 
Railroad case where they did not depreciate at all the original 
investment for removal of obstructions such as pipe lines in the 
streets, paving over obstructions, ес., although these expenses 
were incurred for work necessary but not apparent after com- 
pletion as the pipes, etc., were left outside the right-of-way. 
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SUMMARY AND CONCLUSIONS 


In concluding this paper, which the writer does not pretend 
by any means exhausts the broad subject of ' depreciation,” 
it is desirable to summarize the principal features and conclusions 
herein outlined. 

1. The necessity for a more general agreement on and uniform 
use of the terms uscd in considering and discussing the subject of 
depreciation, by the engincering profession. 

2. The rate of depreciation adopted in estimating and pro- 
viding for accruing depreciation, must not be confused with the 
total sum of depreciation in physical property, which is an 
estimate for a given time. 

3. The difference between absolute and theorctical deprecia- 
tion should be recognized and the amounts of each separately 
estimated and considered. 

4. Theoretical depreciation must be assumed and provided 
for as a part of operating expense if capital is to remain unim- 
paired and rates are to give thc maximum service at the minimum 
expense. 

5. Service value, determined from the consideration of the 
" absolute" not the ''theoretical"" depreciation of physical 
property, is to be used, in connection with certain proper non- 
physical values such as development expense, going value, fran- 
chises—4f any——et cetera, as the basis on which rates are to be 
fixed, capitalization allowed and taxes assesscd. 

6. While usually preferably there exists no necessary reason 
for always writing off certain costs such as engineering, inci- 
dentals, ей cetera, at the rate at which the physical property 
of which they are an inherent part, 15 depreciated. 

7. Development expenses bear no fixed relation to the cost of 
the physical property and thcir amortization has no necessary 
relation to the rate of depreciation of the physical property. 

8. The amount of depreciation of physical property can only 
be accurately determined by inspection on the part of com- 
petent and conscientious engineers. 

9. There exists an urgent demand for coóperation among 
engineers, manufacturers and service corporations for the in- 
telligent collection and correlation of data on which to properly 
base estimates of depreciation. 
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TELEGRAPH TRANSMISSION 


BY ЕКАМК Е. FOWLE 


I. INTRODUCTORY 

The theory of telegraph transmission, in its broadest aspect, 
involves the many systems which have appeared from time to 
time. А treatment of them all is much beyond the scope of а 
paper of this nature, but fortunately a great many can be chm- 
inated by reason of their limited commercial use. Тһе con- 
siderations in this paper are limited to the closed-circuit Morse 
system, which has bcen practically supreme іп American prac- 
tice for many years. High-speed automatic systems have 
enjoyed but little use in this country and a theoretical considera- 
tion of such transmission, while very interesting, has a limited 
practical value at the present time. Considering its commercial 
importance, it is not easy to understand why the theory of 
Morse transmission has remained so long in a state of apparent 
neglect. Perhaps this 1s due in some measure to the difficulty 
of the subject, but certainly 1t cannot be ascribed to the lack 
of interesting or commercially important problems. | 

The full solution of transmission problems of any character 
involves the well known differential equation which expresses 
the relation between the line potential, the distance, the time 
and the line constants, as given below. 


ФЕ Ф Е d Е 
FRA qp PB ‘ар tree (1) 


іп which E=line potential. 
s = distance from the source. 
t=time., 


NoTE:—This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting 
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r=line resistance. 
g=leakage conductance. 
C=line capacity. 

Г. = һпе inductance. 


The general solution of this equation, involving terminal соп- 
ditions, is complicated and not readily handled; the most gen- 
eral case involves oscillatory charging and discharging of the 
line during the transient state. An abridged treatment of less 
general difficulty is very desirable for the solution of the more 
important commercial problems. 

When the line is very highly insulated and possesses sub- 
stantially no inductance, as in cable circuits, the full theory is 
considerably simplified. In that case the well known KR 
law has been employed empirically by many engineers. The 
same law has also been applied to the case of open-wire lines, 
where theoretically it fails to hold because such lines possess 
considerable leakage and some inductance. Mr. T. E. Herbert* 
has developed the following empirical formule, based on the 
K R law, from Enghish practice. 


, _ 10,000,000 
Wi---— KR (2) 
for open-wire lines of iron, 
‚ _ 12,000,000 


for open-wire lines of copper, and 


18.000.000 
Va = _ = ; 
И» КЕ (4) 


for cables of the submarine type with gutta-percha insulation; 
W is the speed in words per minute, K is the total capacity and 
R is the total resistance. The assumed conditions are eight 
milliamperes of line current and not less than 100 volts of im- 
pressed e.m.f., from a source whose internal resistance does not 
exceed three ohms per volt; he also assumes a shunted condenser 


““ Telegraphy,” by T. E. Herbert. Whittaker & Co., London, 1906. 
Chapter ХУП. 
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at the receiving end. For a speed of 400 words per minute 
he gives the following limits of distance. 


| 

ЕВЕ ИЕ ee шшш ШЫ 
190-16: aerial copper nes «c via eoo ec? AREAS x SES 590 949.5 | 
| 1004. “ Ж. RP данам аа аа аа 487 783.7 | 
| 450-1Ь. “ ігоп ЫНЫ СЫ ЧЕКТЕР a 363 584.1 | 
| 40045. * Е 291 468.3 | 
| Сб. PR. underground га uc eR КАЗАН ЕКЕМ RH Жан 83 133.5 | 
Screened paper cable, 40-1БҺ................................. 128 205.9 


No qualification with respect to line insulation is there given, 
but that factor is most important, at least in American practice. 
Empirical rules must be used with the greatest care to see that 
the imposed conditions are fully satisfied in any specific applica- 
tion. Such rules also possess the disadvantage that they fail 
to reveal the theoretical relations between the numerous variables 
and hence do not show, except in a limited way, how to improve 
transmission or economically proportion the terminal equip- 
ment with respect to the line circuit. 

In the type of Morse transmission which we are considering 
there are two fundamental requirements. First, the strength 
of signals must be adequate to cause firm registration in the 
terminal apparatus and, second, the speed of transmission must 
exceed the rate of hand sending by a safe margin, without diffu- 
sion or obliteration of the line impulses. Theory and experi- 
ence both demonstrate that the limit of distance over circuits 
of the pure cable type 1$ fixed by considerations of speed, due 
to the retardation and the absorption caused by the relatively 
large capacity of the line. That 1s, signals of adequate strength 
can be transmitted over very great distances with circuits of 
such a type, but not at a speed commensurate with an operator's 
maximum capacity for hand sending. 

Open-wire lines, on the other hand, possess much less ca- 
pacity per unit of length and under conditions of high insulation 
give a satisfactory speed, for rapid hand sending, over distances 
ordinarily several times the limit with the usual type of cable. 
But the insulation is far from constant and fluctuates between 
wide limits with atmospheric changes. During clear dry weather 
it will be quite high if the line is maintained in first-class con- 
dition, perhaps as high as 50 megohms per mile. During heavy 
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prolonged rainfall it may not be greater than a small fraction of a 
megohm. Such low insulation ordinarily fixes the limiting 
distance of transmission, through impairment of the strength 
of the signals; and this limit, in nearly all cases, is considerably 
below the limit fixed by considerations of speed. 

Experience with long lines of open wire shows very clearly 
that the workable limit, through all weather, is fixed primarily 
by the leakage, with attendant weakening of signals, rather than 
by considerations of speed. In determining the proper line 
constants for transmission between two given points, it is 
proper to assume that continuous service is desired; in fact 
a service which depends upon the vagaries of weather is utterly 
untrustworthy and impossible commercially. 

If we can investigate the problem from the single standpoint 
of the strength of signals, the theory is much simplified. The 
author believes from his experience with long lines comprised 
mainly of open wire, that this is feasible and safe. A complete 
investigation of Morse transmission, under this assumption, 
gives results which are well in accord with experience and leads 
to the conviction that the method, within proper limits, is a 
satisfactory one. This point will be discussed further in con- 
nection with the actual results of such an analysis and their 
application. 

When the theoretical treatment is limited to an investigation 
of the strength of signals, the time element disappears and the 
differential equation given by expression (1) becomes simply 


ФЕ 
ds =r E (5) 


the solution of which is not difficult. 


II. GENERAL THEORY 
The general solution of (5) is 
Es=A Е` 8+ ВЕ: (6) 


where А апа В are constants which are fixed by the terminal 
conditions. 
The constant @ is the familiar attenuation constant and 


B=Vre (7) 


where r=line resistance in ohms per mile. 
g=leakage conductance in mhos per mile. 
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If R is the insulation resistance of one mile of line expressed 
in ohms, 


1 
=R (8) 


The general expression for current is 


1 dE 
I=- "do (9) 


which follows from the fact that the underlying equations are 


d E 
uix 
(10) 
dI 
"de CEP 
and these expressions give (D) by elimination. 
Hence 
- T4 е? +В є? 
І; = K | (11) 
where 
K- Қ "1 =М В | (12) 


апа К 15 the apparent resistance of an indefinitely long line, 
measured from 5-0. When the line is indefinitely long, 


Es = Eo €-88 | (13) 
апа 
Eo s | 
І, = g € (14) 


where €7?* is the attenuation factor. 
But this 15 not the condition encountered іп practice, although 
of interest theoretically. Terminals are present, with re- 
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sistances and sources of e.m.f.. arranged in a number of ways. 
The general solution can be carried no farther without knowledge 
or assumption of the specific terminal conditions, and it is 
necessary to treat each arrangement separately. The simplex, 
duplex and quadruplex systems will be considered in order. 

Simplex. The standard Am- 
erican simplex or method of ,-, : 
single working, on the closed- = 
circuit plan, is illustrated in 
Fig. 1. 

This circuit is too well under- 
stood to need explanation. There 
are three conditions to be inves- 
tigated mathematically. First, 
both keys closed; second, key 
open at X or s=0; third, key open at У or 5-і, while the oppo- 
site key, as before, is closed. 

In the first case, with both keys closed, the condition at s =0 is 


Fic. 1.— Circuit of standard sim- 
plex. 


А+В= Е, — т; 1, (15) 
and at s=/ the condition is 
A «8! +B € 8! = — Е. {то 1; (16) 


which follow from the fact that the batteries are connected in 
conjunction to send a current in the positive direction over the 
line, from X to Y; and, similarly, 


_ ~A+B 
_ —A eb +B e? 
Ізт---- K (18) 


By elimination among the last four equations it follows that 


— Qt» (==) e22L p, - (1399) е Al E, 


47 7 авео 7 8) 


в ғ“. 
C") Eja, (1%) е?! E, 


В-- (20) 


1 -а, о» 6-28! 
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where 
= К-т 
СЕЗ Ku (21) 
К-т 
MS А. (22) 


and a, and а. are termed reflection coefficients by analogy with 
similar coefficients in the case of alternating-current or wave 
transmission. 

The solution in any given case may now be calculated in full 
for the first condition, remembering that 


e+ ^* =logy~’ (+0.43429 B x) (23) 
e+ Ах =cosh Вх + sinh Вх (23a) 


or 


In the second case, when the key is open at X and closed at 
Y, the proper values of A and B can be found from (19) and (20) 
by assuming that 


fi =% (24) 
and 
2 = —1 (25) 
which give, 
unen 
A=B= Ita, етй (26) 


And similarly, when the key is open at Y and closed at X, 
T = © (27) 
«з= —1 (28) 


апа 


идеи 


A= ave Sa 
(5) 
В (30) 


БЕСЛТГЕЛ 
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It is almost self-evident that signals will not be transmitted 
in each direction over a uniform line, with equal efficiency and 
like effects, unless the terminals are alike as to resistance and 
magnitude of e.m.f. The similarity of terminals is essential 
to uniformly efficient service; this condition will be assumed 
for the present and the results of the alternate condition will 
be taken up later. 

Therefore, assuming that 


Е, = Е. = Е, 
71 = 72 = То (31) 
ат 05 = М 
it follows that 
_ К—то 
a= Kin (32) 


A=— ái (88) 
ite) E, 
2 
B= асв (34) 
(26) becomes 
PRON (5) Е! Ро 
А-В- ideas (3b) 
(29) and (30) become 
Gee 
4=^ farr (36) 
(+ ) Е, 
Bas € (87) 
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The effect of opening the key at X, upon the current in the 
relay at Y, will depend upon the length, resistance and leakage 
conductance of the line. If the line is perfectly insulated, the 
current at Y will be interrupted entirely; but when there is some 
degree of leakage, the current at Y can never be interrupted 
wholly, but will be diminished somewhat. This is caused by the 
fact that the battery at Y finds a completed circuit through the 
leakage path to earth, that is, current escapes over the wet in- 
sulators and thus returns to the terminal through the earth. 
The adjustments of a standard telegraph relay can be varied 
to suit a large range of operating conditions. On a perfectly 
insulated line the operation of the relay is exceedingly positive, 
because the line current ceases entirely when a key anywhere is 
opened. But on leaky lines the situation is different and the 
opening of a key merely diminishes the current, without ever 
interrupting it wholly. In the last case the relay must be ad- 
justed, say, to pull up on 50 milliamperes and release when the 
current suddenly falls to 30 milliamperes. Clearly the releasing 
current will become larger as the leakage effect increases and an 
ultimate limit of operation will be reached. 

The essential phase of the problem which needs our next 
attention is the ratio of the releasing current to the operating 
current at У when the Ксу at X is opened and closed, or the ге- 
verse, but since the terminals are alike it makes no difference 
which case we consider—the results will be identical. When both 
keys are closed the current at the Y terminal is 


(152) ater) в, 


h= К (1-а єй) 7 (38) 
And when the key at X is open the current at У is 
| ЕР ) (1— €] ) E, 
"= качает) — ез 
The ratio of the currents 15 
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which can be put in the form 


_ 2.303 n (1--о)-- Ут? (1--оу-4 о 
D ug logio [ACEO tY Cart a] (41) 


where 


oe (42) 


The last two expressions give the maximum permissible 
length of line in terms of the wire resistance per mile, the 
leakage conductance per mile, the reflection coefficient and the 
greatest permissible ratio of releasing to operating current for 
commercial operation of the relays. Тһе problem 15 then solved. 
for uniform lines with equal terminals. 

The next question 15 whether anything can be pained by an 
unsymmetrical arrangement of the terminals. In the most ex- 
treme case all the battery would be at one terminal, say at Y. 
This condition amounts to placing Е, =0. When transmitting 
from Y to X the value of ф would be zero, aside from the effect 
of earth potentials, because the current at X would cease entirely 
upon opening the key at Y. But this would not be the case in 
transmitting from X to Y. By placing Ё,=0 in (19) and (20) 
and employing the resultant values of A and B to find the value 
of @ for the present case, which will be designated $', it can be 
shown that 


ф -ф(2-%) (43) 


Therefore $' is larger than $ for all values of the latter between 
zero and unity—which is the range of $. But an increasing 
value of $ or $' corresponds to a diminishing margin of opera- 
tion in the relays and if ф is at the practicable limit, $' will be 
beyond it. "That 1s to say, a line of given resistance and leakage 
can be operated the maximum distance when the battery is 
distributed one-half at cach terminal. 

The terminal resistances also affect the final result because 
they enter into the expression for the reflection coefficient, which 
in turn is onc of thc factors in (41). Unequal resistances, obvi- 
ously upset the symmetrical condition and do not give as grcat 
a value of / as would be obtained with the same total resistance 
distributed in two equal terminals. The effect of а on the value 
of / will be discussed later. 
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One more question remains to be settled. It is not obvious 
that working from terminal to terminal is the most difficult 
case which arises. Any doubt in the matter can be quickly 
scttled, however, by considering transmission to and from the 
center of the line. When all keys are closed the current at the 


center can be found by making say іп (11) and employing (88) 


and (34) for A and B. When either terminal key is open, the 
current at the center can be found as in the similar case of the 
whole line, by placing the proper reflection coefficient equal to 


minus unity and again making := 5. In the case of an open 
key at the center of the line the terminal current is readily found 
from the previous solution by substituting т for 1. 


For transmission from either terminal to the center of the line, 
the ratio of currents at the latter point is 


ф'=5 Ф (44) 


which means that the fractional margin of current for relay 
Operation is twice as large at the centre of the line as at the 
terminals. The proportionality between distance and margin 
does not hold for other points on the line, however. 

Assuming that there is a key at the eenter of the line, the ratio 
of terminal currents when this key is open and closed is given by 


"a b | 


which means that for values of $ between zero and unity, the 
corresponding values of ф”” are always less, and hence the 
margin is greater. 

By taking other intermediate points it can be shown that the 
most difficult transmission is always from terminal to terminal. 
This conclusion agrees entirely with experience; in the case of 
long and heavily loaded way circuits it has sometimes been 
found impossible to work through from end to end in the most 
severe weather, but at the same time an office near the center 
of the line can work with either terminal and repeat through 
messages. | 
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Differential Polar Duplex.—The circuit of the differential 
polar duplex, operating with current reversals, is shown in 
theory in Fig. 2. | 

This circuit can be readily understood by considering its 
action in the case of a perfectly insulated line. The line cur- 
rent flows through one-half of each polar relay and the artificial 
line currents flow through the other halves. But under normal 
conditions the terminal batteries are in opposition as shown in. 
the illustration and the result is no line current. А battery 
reversal at either end places the batteries in conjunction and 
the line current then has full strength. Тһе polar relays are 
always so connected as to be differential to outgoing currents, and 
a neutral balance is found by disconnecting the distant battery 
and grounding, and then adjusting the artificial line at the 
home end. Тһе operation is then repeated for the opposite 
terminal, but this may upset the first balance slightly and if so, 
the whole operation must be repeated. Іп the absence of earth 


X Y 
%--- - - + 
, ME ml" 
Fic. 3.— Normal direction of 


Fic. 2.— Circuit of differential currents in polar relay for 
polar duplex. no response. 


potentials the relays need no bias, but otherwise some bias 1s 
necessary. 

Under normal conditions, with no line current, the relays 
are held open by the currents in the respective artificial lines, 
and the current in each case is furnished by the home battery. 
When the battery at X, for example, 1s reversed, the home relay 
is not affected but the distant relay responds. There are four 
key combinations to consider and in order to study them all the 


operating currents will be taken as shown by Fig. 3. 
The positive directions of current shown in Fig. 3 are assumed 


to hold the relays open, while negative effects will close them. 
It may next be observed that the line current, when the batteries 
are in conjunction, will be approximately twice the value of 
current in either artificial line under normal conditions. Тһе 
relative effects with the four key combinations are given in 
Table I. 
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Referring to Table I, a net current effect of +1 corresponds 
to a normal or open relay, while a net effect of —1 corresponds 
to a closed or actuated relay and a transmitted signal. This 
elementary explanation serves very well to obtain a grasp of the 
operation ip general, but when line leakage is introduced the 
effects are more complicated. Іп the last case the line currents, 
with one exception, are never zero; when the batteries are in 
opposition a current of some magnitude issues from each terminal 
and flows to earth over the leaky insulators, but the current at 
the exact center of the line is zero. The effect of this current 
is to reduce the net magnetizing force which holds the relay 
armature against the back-stop. When the batteries are in 
conjunction the line current increases materially; but the magni- 
tude of the change in line current, when the batteries change 
from opposition to conjunction, becomes less and less as the 


TABLE I 
ELEMENTARY OPERATION OF DIFFERENTIAL POLARDUPLEX 


Key Relay at X Relay at Y 
at X at Y 1, | 1, I, +I,’ I5 І, | I, + 
open open 0 +1 +1 0 +1 +1 
т closed --2 | +1 | —1 T2 —1 +1 
closed 3 0 1-1 —1 0 —1 --1 
7 | —1 +1 —2 +1 —1 


line leakage increases and the net magnetizing force which con- 
trols the relay becomes correspondingly less. Thus a limit 
of operation will be reached with a line of fixed characteristics; 
that is, there will be a limit of workable or operative distance. 

Before investigating the circuit mathematically, it may be 
well to point oyt a secondary effect on relay operation, here 
present. The source of e.m.f. will ordinarily have some internal 
resistance or else be protected by a resistance in the battery or 
generator tap. Consequently the current in the artificial line 
will vary slightly with changes in the main line current, due to 
changes in applied e.m.f. This effect should be taken into ac- 
count because it changes the margin of relay operation. 

The previous discussion of terminal conditions with respect 
to equality applies also in this case, and like terminals will be 
assumed. The new terminal conditions make the previous 
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analysis inapplicable. The circuit as it will be treated analyti- 
cally is given in Fig. 4. 

The resistance 7 15 the internal Lh Е, 
battery resistance ог the рго- 
tective resistance when storage 
batteries or generators are em- , 
ployed. The resistance rı is |» 
the line portion of the polar I 
relay and r3 is the other half of 
the polar relay plus the artificial 
line. 

The apparent resistance of the complete terminal is obviously 


Е, 


Fic. 4.—Differential polar du- 
plex in theory. 


fo Td Lp (46) 


and the effective terminal e.m.f. 1s 


‚ _. 73 
Ре -( ЕН? ) 2s (47) 


The resistance of the artificial line is found experimentally, 
in actual practice, but can be calculated upon the assumption 
that the battery is suppressed at the far terminal. The proper 
values of A and В сап be found from (19) and (20) by placing 
E.=0. In any case the apparent resistance 15 


к,=к (534) (48) 
and when Е. =0 it is 
whence 
nentk EL) (50) 
апа 
«=® = (61) 
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When the line is so long that its working limit is approached, 
(50) is approximately 


7; =, + К (52) 


When the line is perfectly insulated, or approximately so, 


lr ПАНИН j 
nent +y (s) + и» (2 ”. +1) (53) 


Returning to the consideration of the line currents, it is 
evident that when the batteries are in conjunction the constants 
А and B will be found by substituting (47) for E, іп (88) and 


(34), or 
(yere 
m 1—o e?! om) 
= æ) Е, 
B--i-aeH 9) 


When the batteries аге іп opposition the constants can be 
found from (19) and (20) by reversing the sign of Ez, or 


AT — ipae (66) 
(72%) и 
Hes lta €?! on 


The terminal current at X when the batteries are in conjunc- 
tion (reversal at Y) is 


(1%2) (1t+e-8!) Еу 
Пе ка-аей) ^ ux 
and in normal opposition the current 1s 
Haone 
I'= (59) 


К (ita e?!) 
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and the ratio is 


ГА 80? 
a (60) 
1 Elta €?! + (1 а) 

This would be the desired solution if the current in the arti- 
ficial lines remained constant meanwhile, but on the contrary 
it changes slightly because of the presence of the resistance fe. 
The artificial line current Гад is greatest when the batteries are 
іп opposition. When the batteries are normal the artificial 
line current is іп the same direction as the main line current, 
but exceeds the latter in magnitude and controls the relay. 
When the home battery reverses, the main line current at the 
home end reverses at the same time and the artificial line current 
also reverses, but the former exceeds the latter in magnitude 
and the net magnetizing force is in the same direction as before, 
so that the relay does not respond. However, when the distant 
battery reverses, the main line current at the home end in- 
creases materially, and the artificial line current decreases 
slightly, so that the former now overpowers the latter in mag- 
netizing effect and reverses the relay. 

The change in the artificial line current is important to con- 
sider. We may observe at once, from the fact that the half- 
windings of the polar relay are alike, that the change in the 
artificial line current may be added algebraically to the change in 
the main line current. The true ratio of the opcrating currents 
in the relay is then 


у = 1/--(1,- 1, ) | (61) 
li 
6+ (55) en 
But 
Ғ-т I 
[yar са ! (63) 
and hence 
v=9-( 4. ) (1-%) (64) 
fais 
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From (60) it can be shown that 


|... 2 аа) 
e?! +q €?! + (1+ а) 


1-ф- (66) 


And finally 

$лә-+ Уз ) 

Т9 Enn [OF 
€?! +а €?! + (1-{а) 


«81 Ро ем( 


%--- (66) 


which can be put in the form of (41), 


2.303 п (1+а) +\М п? ега 


іш- 8 іші ES 9 (67) 


where 


s 


far ee, (68) 


1— 


iio 


1 = 


This result is in shape for calculation when the operating соп- 
stants of the relay are known. It is interesting to note that 
when 7-0 the artificial line current is constant, and in that 
case 


n = 


1+$ | 
ps (69) 


which makes (67) the solution of (60). 

It 1s essential for good operation that the magnetizing force 
in the relay, when the batteries are in opposition, should be 
substantially equal to the magnetizing force when the batteries 
are in conjunction. This is especially desirable as the limrt 
of operation is approached, because then the magnetizing 
forces are becoming constantly smaller. When the batteries 
are in conjunction the net' magnetizing current is 11-14, refer- 
rng to (68) and (63), and in opposition the net magnetizing 
current 15 J,’—J’,, referring to (59) and (63). When the 
limit of operation is approached the value of «728! becomes 
very small, and in that case the value of ғҙ given by (50) is sub- 


stantially 
; з= К+; (70) 


as given by (62). 
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Using the approximation of (70) it can be shown that 


А. 1—o e?! 
h—-I4, 14а ©! (71) 


which is numerically almost unity. This means that the re- 
spective magnetizing currents are opposite in direction and nearly 
equal. 

Out of four possible key combinations only two have been 
considered and the effects have been investigated at only one 
terminal. But the symmetry of the circuit and the equality 
of terminals make it unnecessary to consider the others. 

Bridge Polar Duplex. Тһе duplex system is somctimes ar- 
ranged on the bridge principle and in that case the preceding 
formule apply in a general way, but the terminal conditions are 
different. Moreover, the relay is not actuated directly by the 


Fic. 5.— Circuit of bridge polar Fic. 6.— Terminal of bridge du- 
duplex. À plex in theory. 


line current. For theoretical purposes the bridge duplex circuit 
may be taken as shown by Fig. 5. 

The batteries are normally opposed and the currents then 
take the directions shown in the illustration. When the distant 
battery is reversed the current in the home relay is also reversed 
and the relay then responds; a reversal of the home battery does 
not change the direction. Тһе home artificial line is balanced 
as before, by disconnecting thc distant battery and grounding; 
when a perfect balance 1s thus obtained there will be no current 
whatever in the home rclay, because it occupies a position in 
the circuit which 1s analogous to the galvanometer in a balanced 
Wheatstone bridge. 

The terminal conditions will be discussed with the aid of Fig. 6. 

The effective terminal resistance is equal to the total resistance 
of a Wheatstone bridge of which the lower arm уз is the gal- 
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vanometer, measured from line to earth. This is 


71 7з (2 12-3) + 72 7 (ri +2 Үз) + rs rA (ri 03) 


= "з (и + r3) + (иа) (ri: +2 r3) (72) 
апа therefore 
_ К-т 
«=, Ea (73) 


The effective e.m.f. is 


"m ғ facra (ri-2 r3) | 
Rue я (rid- ra) (0+) (ғ--2 з) ы. ee 


An investigation of the circuit to determine E, in terms of 
Eo, I, and the several resistances gives 


E,=E,'=—rol, (75) 


This simple expression can now Бе employed іп the general 
formule developed for the differential duplex. It is necessary, 
however, to have an expression for the current in the relay 
(which is the leg r;) in terms of the main line current Л. 

If Io is the current in the relay, the expression for it is 


_ f3 E-r; (2 ratrstrs) 1, " 
i (rid r3) + (72+ 74) (19-2 73) (19) 


The apparent outgoing resistance of the line is given by (48) 
and (49). The value of the artificial line resistance in this case is 


1-а e! 
м=к (ае г) (тт) 


and when В / is large the expression іп parenthesis is substantially 
unity. 

No further discussion will be given of this type of duplex 
Operation because the differential method is probably the one 
most extensively used. In carrying out the full solution it 
Should be remembered, as before, that the limiting condition is 
the lowest operative current in the polar relay. 
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Differential Quadruplex. Quadruplex systems fall into two 
general classes, the differential and the bridge types. The 
present treatment will be limited to the former. The derivation 
of a differential quadruplex from the similar type of polar duplex, 
by the addition of a neutral relay and a second (larger) source 
of e.m.f. is very familiar. А full discussion of the operation of 
such a quadruplex involves the consideration of sixteen key 
combinations, but the operation of the polar side has already 
been explained and need not be repeated. Considering the 
neutral side alone, there are only four key combinations to dis- 
cuss, with the provision that these combinations should be con- 
sidered in one case with the batteries in opposition and in the 
other in conjunction. 

For the purpose of theoreti- 
cal treatment, the essential 
portion of the quadruplex 
which represents the neutral 
side is given in Fig. 7, and 
will be referred to in discuss- 
ing the key combinations. - : қ 

The neutral relay is differ- Fic. 7.— Circuit of neutral side 
entially connected, like the of differential quadruplex. 
polar relay, but not being polarized it cannot respond to current 
reversals; it works instead on a current margin, quite like a 
simple relay in a simplex circuit when there is considerable leak- 
age. When the batteries are in opposition and the ratio of 
c.m.fs. 1s 3:1, the relative currents, assuming a perfectly insu- 
lated line, are given in Table II. 


TABLE II 


ELEMENTARY OPERATION OF NEUTRAL SIDE OF DIFFERENTIAL 
QUADRUPLEX | 


Кеу Relay at X Relay at Y 
| : | 
at X at Y I, 1, І, +1,’ 1; | I,’ 1, +1, 
| БІ | ae ақан а ачыл, ыы 
ореп ореп 0 +1 4-1 | 0 +1 +1 
2 closed +2 +1 +3 —2 +3 +1 
| 
closed " 0 +3 | +3 0 +3 +3 
* | open --2 +3 +1 +2 +1 +3 


The relays respond to a relative current strength of +3, 
but remain normal on +1. When one of the complete batteries 
is reversed the results are the same, but the current directions 
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are changed. Assuming that the whole battery at Y is reversed, 
the relative currents are those shown in Table ITI. 


TABLE III 
ELEMENTARY OPERATION OF NEUTRAL SIDE OF DIFFERENTIAL 
QUADRUPLEX 
Key Relay at Х Relay at Y 

at X at Y 1 І, І, +1.’ І, I,’ 1, +17 
ореп ореп —2 +1 —1 +2 —1 +1 

* closed --4 +1 —3 +4 —3 +1 
closed * --6 +3 --3 +6 --3 +3 


: open --4 +3 —1 | +4 --1 +3 


The terminal conditions, except for the impressed e.m.f., 
are the same as those given in the discussion of the differential 
duplex. 


FE, =Ео —ro Ii (T8) 
E а) Е (79) 
: - (02, ° 
= ro fs 
fori nn (80) 


and the value of ғҙ is given by (60). In this case the resistance 
*; includes both the polar and the neutral relays. Тһе value 
of E, here assumed is the low value, sufficient only for operating 
the polar side. The high value of e.m.f. is assumed to be 
p Е, and the ordinary value of р is anywhere between three 
and four. Тһе terminals are assumed to be identical. 

Taking first the case when the batteries are in opposition, the 
constants А and B are given by (56) and (57). Тһе line current 
at X when the keys are normal is the same as (69), ог 


a ) (1—e-81) Ey! 


l= = x 


K (1+a 6!) . ef) 


When the battery at Y has p times its normal value, the 
constants are 


| 5 (р-а є 81) єв Еу! 


ае (82) 
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а (1-ра e8!) Е, 


В-- - —- (83) 


1-а? e$ 


and the line current at X 1s 
1а (14a e)p (1а) e?! E 
n-— — (рав ету 89 
The current in the artificial line is 


Ео-— 72 1, 


ГА —— —— 
rotrs 


(85) 


The direction of the net magnetizing current in the neutral 
relay has no effect upon the operation and if ф is the limit of 
releasing to operating current, then 


Tah 


$-1^-ps (86) 
Or, 
_ Eo— (2 rara) Di 
Ф= вк (2 fa rs) Di! 99 


If the values of (81) and (84) are substituted іп (87) and use is 
again made of the approximation, 


з= К+! (88) 


then the final value of ф is, 


b= 1 Persi (89) 


The next case to consider is that of batteries in conjunction. 
When the batteries are сала! the line current is the same as 
(38) and when the battery at Y is p Е, the constants А and B are 


"e IT (р-а e 81) e 8! Е, 
А- | l]l-ghie (90) 
l+a 


2 - (1-5 a €?!) Е, 


В--- cde — (91) 
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and the line current at X is 


EA аа et!) +p (1Ha) e*!] Bo! 


КИ о (90 


The value of ф in this case is 


_l+a е8! 


P= pta ені э) 


Expressions (89) and (93) аге reducible to the same form, ог 


Е о 
B 1=2.303 logio (+=) (94). 
where 
-1-рф 
п = 1-ф (95) 


If the terminal resistance ro is equal to the line resistance К, 
the value of @ is zero and obviously in that case 


кт: 
ф= T (96) 


This means, 1n short, that no matter how great the value of 
В І may be, the ratio of the net magnetizing currents in the home 
relay will be the ratio of minimum to maximum e.m.f. at the far 
terminal. This ratio is not absolutely exact because it depends 
upon the approximation of (88), but the error 15 negligible for 
large values of l, or at the limit of working. 

While the line might be indefinitely long, apparently, in the 
critical case of œ=0, it is clear at the same time that the net 
magnetizing currents will progressively diminish as the length 
of the line increases. Therefore the practical operative limit 
is fixed by the lowest value of net magnetizing current to which 
the relay will respond in commercial operation. Let m be 
this limit; then 

т=1д'—1,' (9Т) 
Е-т Ii! 


— > — [,' 
г. r3 


_ Во- (2 raro) Г’ 
"2d r3 


(98) 
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Substituting the values of J,’ for batteries in opposition and 
batteries in conjunction, from (84) and (92) respectively, and 
again observing the approximation of (88), it can be shown that 


J= 2.303 ісігі Бозе +2] = о at |(99) 


where 


, m m (rari) 
nee (100) 


The Т sign under the radical is negative for batteries in 
opposition and positive for batteries in conjunction. Тһе 
operating limits in the two cases are not quite equal, but the 
difference is slight and becomes zero in the critical case when 
«4-0. The maximum value of /, when f is fixed, corresponds 
to maximum values of а, p and Е, and a minimum value of т. 


III. VALUES OF INSULATION RESISTANCE 


The calculation of limiting distances or line lengths, with wires 
of given resistances, depends critically upon the minimum 
value of insulation resistance. This value will obviously occur 
during heavy or prolonged rainfall, or perhaps during very heavy 
mist or fog. The atmospheric conditions vary greatly with 
locality and for present purposes it is necessary, if possible, 
to consider the average. It will be assumed that low insulation 
due to preventable causes, such as foliage and foreign contacts, 
is substantially absent. 

Insulator types have gone through a long process of evolution, 
but the types now used for telegraph lines have been practically 
standard for many years. Glass has been the material used 
almost exclusively, in the double petticoat form. Porcelain has 
been used to some extent, but not generally. Considering 
the advantages of porcelain and the favorable experience had 
with it in some recent instances, it would appear to be the 
Superior material. 

It should be borne in mind that the leakage path of most conse- 
quence is over the wet surface of the insulator and rarely through 
its body. The dry resistances of glass and well glazed porcelain 
are both sufficiently high to be negligible quantities in relation 
to line leakage; and if neither absorbs an apparent amount of 
moisture, the internal conductivity is always negligible. 
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But the surface conditions are most important, and the surface 
leakage is the principal factor in the line leakage as a whole. 
Apparently these conditions have not been studied as they should 
be; in particular, the standard test of telegraph insulators has 
been for many years to invert them and partly immerse in water, 
also filling the hollow interior with water, and measuring the 
insulation resistance between the two bodies of water. This is 
an excellent test, after a long soaking, of the resistance of the 
insulating material itself, but it bears little relation to the con- 
ditions of service. The test of most importance is the leakage 
from line-wire to pin, in normal position on a cross-arm, with 
precipitation at the heaviest natural rate, both vertical and 
inclined. It is especially important to have the insulator in 
position on a cross-arm, so as to secure the rebounding or 
spattering effect of the rain drops on the top of the arm near the 
insulator, which tends to wet the under side of the petticoats 
and break down the surface insulation. 

Glazed porcelain and glass have surface characteristics of 
considerable difference. The surface of the glaze on porcelain 
is somewhat smoother than glass and appears to wet less readily. 
There is already some experimental evidence that porcelain 
insulators of the standard glass form give superior insulation, 
but the whole subject needs further investigation. No doubt the 
present lack of data is due іп considerable part to the faults of 
the method of testing which has been so long in vogue. 

Referring now to the standard type of glass insulators, the 
insulation resistance of a line in perfect physical condition and in 
a pure dry atmosphere will be comparatively high, perhaps 
fifty megohms per mile. Assuming forty insulators per mile, 
this implies about two thousand megohms per insulator. During 
heavy rainfall the same line may have an insulation resistance 
of less than опе megohm рег mile, or forty megohms рег 
insulator. ` 

The atmospheric purity has a great deal to do, however, with 
the whole question. Dust is ordinarily present in some degree 
and forms a coating on the insulator, which impairs its insula- 
tion resistance, particularly when wet. Where smoke and soot 
from soft coal are present, as in many of our cities and nearly 
always in industrial regions, the insulation is greatly impaired. 
In the last case it may fall to a few hundredths of a megohm 
per mile in the worst weather. | 

Тһе late Franklin Leonard Pope discussed the subject of 
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insulation at some length in his work* on telegraphy. He gave 
as the average, during rainfall in clean country, 60 to 100 meg- 
ohms per insulator; and in cities, 4 to 6 megohms per insulator. 
In the Pittsburg district the resistance was less than one megohm 
after two years of service. He gave as the average for the middle 
and northern states 9 megohms per insulator, minimum. 

In the author's experience the insulation resistance has been 
observed to fall to a fraction of a megohm per mile in the worst 
weather, as a rule, but rarely below 0.25 megohm. Values less 
than the last figure will be found, of course, but not for lines of 
any great length in the eastern and central states. The character 
of the right-of-way has a good deal of influence on the minimum 
values and in this respect country highways are superior to 
steam railroads. Тһе best type of insulator 15 hardly too good 
for right-of-way of the latter class. 

The poles and cross-arms furnish considerable insulation when 
dry (referring to timber construction), but only a slight amount 
when thoroughly wet. А wet pole probably adds about 15 per 
cent to the insulation provided by the insulator alone; this 
figure resulted from several tests given by Mr. Pope. Тһе old 
practice of installing a ground wire along the pole tops, unin- 
sulated, practically eliminates whatever insulation the poles 
provide. А ground wire affords undoubted protection against 
lightning, and if properly insulated from the poles and periodi- 
cally grounded through properly insulated connections it would 
scem to be a good investment. 

Two types of pin have long been standard. The steel type, 
with a wooden thimble, has been extensively employed in tele- 
graph construction, but is less efficient from the standpoint of 
insulation than the all-wood pin made of locust. Тһе latter 
type is also the cheaper of the two. 

Тһе practice of installing bare lightning rods on about every 
tenth pole (four per milc) reduces tho pole insulation somewhat 
and it has been claimed that the effect on telegraph transmission 
is detectable. 

The matter of vigilant maintenance to keep broken insulators 
replaced, foliage trimmed and all foreign contacts clear cannot 
be over-estimated in importance. Frequent periodical inspec- 
tions are absolutely essential in securing the best results. Coupled 
with this there should be frequent periodical tests of insulation 
resistance. А full discussion of the voltmeter method of теаз- 


*" Modern Practice of the Electric Telegraph;" New York, 1892. 
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uring insulation resistance has been given elsewhere by the 
author* and will not be repeated. 

Another feature worthy of mention is the insulation of bridle 
cables and office wiring; and in railroad practice, where inter- 
mediate offices occur with considerable frequency, it is very 
essential to look after these parts of the circuit. For conven- 
ience in testing there should be test panels, of the telephone 
jack and plug type, at all terminals and intermediate offices. 
It is frequently convenient to install test poles, also, where the 
lines are normally closed, with through line connectors. 

Returning to specific insulation values, it is believed to be 
safe and conservative to base calculations for line conductors 
on an insulation resistance of 0.25 megohm per mile, or 10 meg- 
ohms per insulator in a line with forty insulators per mile. Local 
conditions naturally decide the value to be used in specific work, 
but for the discussion of average conditions and in all subsequent 
calculations this value will be employed. 


IV. TRANSMISSION REQUIREMENTS 


The general theory will now be applied to the actual de- 
termination of the conductor properties, for each type of trans- 
mission, over given distances. The value of insulation resistance 
used in all cases, unless otherwise stated, will be 0.25 megohm 
per mile. 

Simplex. Expression (41) cannot be employed for numerical 
calculations until the value of ф is determined for relays of the 
standard type. | 

The standard relay for many years was опе of 150 ohms те- 
sistance, wound with about 8,600 turns of No. 30 single silk- 
covered copper wire. The standard adjustments are tension of 
retractile spring, length of air gap between poles and armature 
and play or stroke of armature. The last is the least im- 
portant, except to emphasize that it should be as small as possible. 

ouch a relay was set up for laboratory test and first tested for 
the exact limits of operating and releasing current. Тһе mean 
of 19 tests showed that the average difference between the 
operating and releasing currents was 0.003 ampere, with a maxi- 
mum of 0.004 and a minimum of 0.002. Meanwhile the air gap 
was varied from minimum to maximum and the spring tension 


* The Measurement of Distributed Leakage on Transmission Lines; 
Electrical World, February 6, 1904. “ The Voltmeter Method of Measur- 
ing Insulation Resistance;" Telephony, September 11, 1909. 
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was similarly varied, employing all combinations of both. Under 
these conditions the relay action is very slow, of course, being at 
the limits of actuation. In order to respond at commercial 
speeds (hand sending) the margin cannot be less than 0.010 
ampere, and at this figure the range of adjustment without 
upsetting the operation is very limited. Table IV shows 
various possible values of operating and releasing currents and 
the corresponding values of ф and п. 


TABLE IV 
COMMERCIAL VALUES OF ф AND я FOR 150 OHM RELAY 


Operating | Releasing Value | Value 
current current Margin of ф | of n 
0.050 0.0400 0.0100 0.80 | 5.00 

> ELEME E 0.0375 0.0125 0.75 | 4.00 
^ | 0.0350 0.0150 0.70 | 3.33 
. | 0.0325 0.0175 | 0.65 2.96 
Ж 0.0300 0.0200 0.60 2.50 
3 PANEM I 0.0250 0.0250 | 0.50 BS Nom 2 00 


There 15 a slight advantage in making the operating current as 
large as possible, because the corresponding values of » will then 
be a maximum. There is also a further advantage in the added 
firmness of relay operation. 

Similar tests of a standard 35-ohm relay showed an absolute 
margin of 0.006 to 0.008 ampere, or about double the lower limit 
of a 150-ohm relay. In order to secure equal advantage with 
150-ohm relays in commercial service, the operating current 
must be somewhat larger than 0.050 ampere. When the oper- 
ating current is 0.060 ampere, the commercial limit of releasing 
current 15 about 0.045 ampere. Іп all cascs the operating limit, 
with either relay, is obtained with the maximum width of air 
gap and a relatively high spring tension, which 1s the character- 
istic adjustment for operation on leaky lines. 

It is also necessary to choose a representative value of terminal 
resistance, including the complete wiring, equipment and e.m f. 
source, from open line to earth. А value of 300 ohms has been 
selected. This will vary, naturally, with local conditions and the 
value adopted will be too high in some cases and too low in 
others. It wili be shown later that it is very important to keep 
this resistance as low as possible. 
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Adopting these values of п and то, as given below, the ex- 
pression in (41) has been employed to calculate various values of 
l for given values of 7. 


ф=0.75 
n =4.00 (101) 
ro = 300 
TABLE У 
MAXIMUM PERMISSIBLE LENGTH OF LINE FOR VARIOUS RESISTANCES 
PER MILE 
Resistance Limiting distance 
per mile or length of line 
2 ohms 597 miles 
3 510 
4 450 
6 376 
8 331 
10 299 
15 248 
20 217 
25 195 
30 179 
40 156 
50 140 


The results presented in Table V emphasize the need of dimin- 
ishing wire resistance for increasing distances, assuming con- 
tinuous service through all weather. They also emphasize the 
possibility of economizing in conductor cost by the use of 
cheaper and higher resistance materials than copper for the lines 
of medium length or less. Thus No. 9 B. & S. wire copper has а 
limit of nearly 450 miles (724 km.); it is obviously bad economy 
to employ the same wire for a 200-mile (322 km.) line, where the 
conductivity of a No. 16 B. & S. copper wire meets the require- 
ments. 

It becomes possible, with these results, to make a rigid com- 
parison of the first cost and the annual charges for various con- 
ductor materials, under like or known conditions of service. - 

The properties of the relay are by no means unimportant in 
their effect on the limit of working distance or line length. Тһе 


1216 FOWLE: TELEGRAPH TRANSMISSION [June 27 


following Table VI illustrates the variation in the line length 
with variable values of ф, for a wire of 10 ohms per mile (1.6 kg.). 
| TABLE VI 


EFFECT OF RELAY CHARACTERISTICS ON THE LENGTH OF A LINE OF 
10 OHMS PER MILE 


Value Value Limiting 
of $ of n length of line 
0.80 5.00 335 miles 
0.75 4.00 299 

0.70 А 3.33 269 

0.65 2.96 249 

0.60 | 2.50 221 


0.50 | 2.00 181 


This table shows not only that the relay characteristics have 
an important bearing, but it illustrates the fact that the inability 
of a telegraph operator to adjust his relay properly will produce 
the same results as an inefficient relay. 

In fact any influence which tends to reduce the relay margin 
tends at the same time to increase the cost of transmission by 
requiring a wire of greater conductivity. For example, the 
practice of operating two or more lines from a single gravity 
battery produces this result, because of the comparatively high 
internal resistance. The latter in turn causes the terminal 
e.m.f. to change every time any line circuit opens or closes, and 
thus disturbs the current valucs in every other line. Under 
such conditions a value of @ as high as 0.75 can rarely be main- 
tained, if at all. If the normal line current of 0.050 ampere is 
reduced somewhat, the effect is reduced also; but this probably 
introduces a small loss in the value of ф, even with a constant 
e.m.f. Itis quite possible to compute the exact effect, in terms of 
annual charges, of adding a second line circuit to a gravity 
battery; but the problem will not be undertaken here. It 15 
fairly clear, however, that the practice ought to be condemned 
where very long lines are supplied from any type of e.m.f. source 
having high internal resistance. 

The results already presented deal with through: circuits, 
without intermediate offices. Way stations are ordinarily 
distributed with fair regularity, as a study of railroad mileages 
between stations, for example, will show. For way circuits 
the 35-ohm relay is particularly adapted because of its low re- 


1911] ЕО ТЕ: TELEGRAPH TRANSMISSION 1217 


sistance. When the stations are distributed at fairly uniform 
intervals there is a very small error in assuming that the re- 
sistance of the intermediate relays acts as though it were uni- 
formly distributed in the line wire itself. Relays of 35 ohms, 
distributed every 10 miles (16 km.) may therefore be assumed to 
increase the wire resistance 3.5 ohms per mile; and every 5 miles 
(8 km.), to increase it 7.0 ohms per mile. The results are as 
follows, showing the comparison with table V, given in table ҮП. 


TABLE VII 
EFFECT OF 35-OHM INTERMEDIATE RELAYS ON THE MAXIMUM 
PERMISSIBLE LINE LENGTH 


— —À «әсет» — 


Limiting length of line 


Resistance | Way stations every 

of wire Through 

per mile circuits 10 miles | 5 miles 
2 ohms | 597 miles 391 miles 313 miles 
3 510 363 299 

4 450 341 286 . 

6 376 305 265 

8 | 331 280 248 
10 299 260 234 
15 248 225 208 
20 217 201 188 
25 195 183 174 
30 | 179 170 162 
40 156 150 144 
50 | 140 


P——————————————M € Ro 


The effect of intermediate offices is more marked, naturally, 
on the longer lines of relatively low wire resistance. But 40 
offices 15 probably the extreme limit оп way wires; at average 
intervals of 5 miles (8 km.) the increased conductivity required, 
as compared with a through wire, is not very marked, while 
a 10-mile' (16-km.) interval requires a much larger increase, 
relatively. 

The result expressed in (41) 15 not in the proper form to find r, 
the wire resistance, directly in terms of /, the line length. But 
(41) can be put in another form, as given below. | 

0.1886 W g P (102) 


© [logis (оо Ун нава у] 


1218 FOWLE: TELEGRAPH TRANSMISSION [June 27 


where W=the weight of the mile-ohm in pounds per mile. 
g=leakage conductance per mile in mhos. 
1 -the desired length of line. 
w =the necessary weight of line-wire in pounds per mile. 


This expression is suited for approximate calculations in al- 
most any case, but exact values cannot be obtained unless the 
value of a is known in advance. The value of о depends in 
part on the result, and a sensible error in the assumed value will 
produce some error in the result and necessitate re-calculation. 

The expression is of special interest, however, because it shows 
that for constant values of z, a, g and W, the cost of the wire per 
mile increases as the square of the length of the line; and the 
cost of the whole wire increases as the cube of the length. Тһе 
cost of the entire line construction will not increase quite as 
rapidly, however, because there are other elements in the unit 
cost which increase but slowly with the weight per mile and not 
at all with the length. 

It is quite clear from this, without further analysis, that there 
will be an economic limit to the line distance which can be 
operated without automatic repeaters. This should hold, at 
any rate, for circuits where the number of repeater sets 15 within 
the limits of commercial operation. In transcontinental cir- 
cuits, of great length, the number of repeater sets necessary 
from the standpoint of economics may exceed the number which 
is permissible from the standpoint of satisfactory speed. Five 
or six sets is probably the limit from the last point of view. 

An inspection of (41) to ascertain the maximum value of /, 
when В is constant, shows that п and а should each be a maxi- 
mum. Тһе values of п have already been discussed. Тһе 
maximum value of а is +1, when 7-0; the minimum value 15 
—1, when 7о-о or the terminal circuit is open. Expression 
(41) can be altered slightly іп form, to 


1- 2:208 ben Еее +y (45% a) A 


( 
_ 2.308 2:3. [iog п-ов ( асы i - -&-)] aeo 


Or, 


і=1,+/ ~ (106) 
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where 


2.303 
[0 = 8 я log 10 n (106) 


and 


‚ 2.303 1+а ит+а\ a 
Peur)" 1) ою 


When r,=K there is по terminal reflection and a=0. In 
that case the value of /' is zero and therefore 


ізір- A logio 7 (108) 
and if п=4, 
1.387 1.387 
l= {= = 109 
Bo Vr oe 


When a is positive the value of /' is positive and when a is 
negative the value of /' is also negative. In other words, any 
value of a less than zero is a detriment to transmission and any 
value greater than zero is a help. Тһе following table VIII 
shows the value of the logarithmic portion of expression (107) 
for various values of a, when п=4.0. ' 


TABLE VIII 

VALUES OF LOGARITHMIC ELEMENT IN TERMINAL EFFECT 

Value of a (Ea (= J- =) lon ) 
1.0 1.968 0.2940 
0.8 1.772 0.2485 
0.6 1.576 0.1976 
0.4 1.382 0.1405 
0.2 1. 190 0.0756 
0.0 1. 000 0.0000 
--0.2 0.815 --0.0888 
--0.4 0.639 --0. 1945 
--0.6 0.485 --0.3143 
--0.8 0.345 --0.4622 


--1.0 0.250 —41.6021 
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By referring to (104) it is apparent that a comparison of 
10710 7 with the last column of table VIII will show the relative 
effects of terminal reflection, or the terminal gains and losses. 
When п=4.0, the value of logie n is 0.6021. Тһе next suc- 
ceeding table shows the ratio of Г to lo when п =4, and also the 
values of |” and 1; for a line of 10 ohms wire-resistance рег mile. 
In this case, 


B 2 N/10Xx4x10-5— 0.006325 (110) 
and 
№ =219.2 miles (352.75 km.) (111) 


Care should be taken in such calculations as these to üse the 
true logarithms of numbers less than zero, instead of the ordinary 


cologarithms. 


TABLE IX 
EFFECTS ОЕ TERMINAL 


p ie ae ии о ЕВ E E ри рим „ыс шон REAPER I пит E ааа по D tantae m s s Re 


uds | v Line of 10 ohms per mile 
of a lo lo | р lo +0’ 
1.0 | 7 48.8% 219 107 326 
| 0.8 | 41.3° е | 90 310 
| 0.6 32.8 | a | 72 291 
| 0.4 23.3 . 51 270 
0.2 | 12.6 . 28 247 
0.0 00.0 | . 0 219 
—0,2 | — 14.7 a — 32 187 
—0.4 | —з23 - = 98 148 
—0.6 | — 52.2 + а | 105 
—0.8 — 76.8 i a —168 | 51 | 
—1.0 —100.0 | ё | —219 | 0 | 


Reflection. Тһе benefits of a relatively large value of о аге 
fully apparent from the table. This means that the terminal 
resistances should be as small as possible in every case. This 15 
a precaution which is much neglected in practice, but ought to 
receive careful attention. Where generator sources of e.m.f. 
are employed, the protective lamp resistances should be graded 
in proportion to the voltage. 

It also shows that when the cost of current supply from bat- 
teries 1s compared with the cost of current from generators or 
storage batteries, for example, the effect of the respective in- 
ternal or protective resistances should be taken duly into account. 
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If the total internal resistances of the e.m.f. sources and their 
protective devices are not alike, the one which has the highest 
resistance will be the least efficient and can only be compensated 
for by an increase in the conductivity of the line, with attendant 
increase in investment and annual charges. When a generator 
source is employed there should but one line supplied through 
any lamp (protective resistance)—or one lamp per line. 

Duplex. Expressions (67) and (68) cannot be employed 
for calculations until the operating characteristics of polar 
relays have been determined and representative values of 
terminal resistance chosen. 

Three typical polar relays were tested to find the lowest 
commercial reversing current when energizing one-half of the 
relay, or one of the half-windings. The “ Bunnell " type is one 
of the earliest relays employed in duplex service and is still used. 
more recently the “ Stroh " type has come into use, both for 
duplex and quadruplex service. Table X shows the results 


of these tests. 
TABLE X 
TESTS OF POLAR RELAYS 


Reversing current 


Total 
Type of | resistance Minimum Commercial 
relay (ohms) (amperes) (amperes) 
Bunnell.......... 750 0.002 0.004 
б6їтоһ............ 600 0.002 0.004 
SU тл ЖЫЛЫЙ 800 0.002 0.004 


Тһе minimum current upon which the relay will reverse, as 
above given, is the extreme limit and does not operate the relay 
fast enough or firmly enough for commercial service. The 
commercial value given in the table is sufficient for good com- 
mercial service. In these tests every effort was made to secure 
a neutral or unbiased adjustment, with the smallest practicable 
stroke of the armature. 

The normal line current in a duplex circuit, with the batteries 
in conjunction, is about 0.030 ampere. Assuming for the 
moment that the current in the artificial line is constant, in- 
dependent of battery reversals, it 1s obvious that expression 
(61) for Y could be derived instead from 


acie П (112) 
1, 
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where Г, is the linc current with batteries in conjunction and 
То is the minimum value of reversing current. If the value of 
То is 0.004 ampere and Г, 15 0.030 ampere, 


0.030-0.008 
Ұ---і 030” =0.733 (113) 

The value of Y can be increased, naturally, by increasing 
I; when the latter is 0.040 ampere the value of Y would be 
0.800. A conservative value of Y is probably 0.75 and that 
value has been used in the calculations which follow. 

The total resistance of the polar relay has been taken as 800 
ohms and the internal battery resistance (or protective lamp 
resistancc) as 300 ohms, or 


71 = 400 
(114) 
79 = 300 


The substitution of these values іп (67) and (68) gives results 
shown in Table XI. 


MAXIMUM PERMISSIBLE VERSER. Y FOR VARIOUS RESISTANCES 
PER MILE 
Resistance Limiting distance 
per mile or length of line 
2 ohms қ 783 miles 
3 658 
4 580 
6 | 485 
8 425 
10 384 
15 318 
278 
25 250 
30 229 
40 200 
50 180 


А comparison of these line distances with those for simplex 
operation, given in table V, shows considerable increase, which 
amounts approximately to 30 per cent. This increased effi- 
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ciency is due mainly to the fact that operation is secured by 
battery reversals. In simplex operation the battery is merely 
disconnected, but the efficiency would be much increased if the 
battery were reversed; this would not be feasible, however, for 
circuits with intermediate stations. 

It will be seen that (67) for duplex transmission is identical 
in form with (41) for simplex transmission, although the values 
of п are unlike. The same conditions in general hold for maxi- 
mum efficiency, that is, maximum values of mand а. The value 
of m can be increased somewhat at the expense of а, but it is 
best in general to keep the terminal resistance as low as possible. 

Quadruplex. Three types of neutral relays were thoroughly 
tested to determine their operating characteristics, employing 
one-half of the whole winding in each case. A summary of 
these tests is presented in table XII, which shows the lowest 
values of current for commercial operation. 


TABLE XII 
TESTS OF NEUTRAL RELAYS 


| | 


Minimum commercial 
Total resistance operating current 
Type of relay (ohms) (amperes) 
——— г: 
| Foote-Pierson............ | 300 0.050 | 
З1апдаг4................ 300 0.040 
Не ОТООР РЯ | 800 0.030 


The absolute margin between operating and releasing currents 
in the Foote-Pierson relay, averaged from 11 tests, was 0.0074 
ampere, with a maximum of 0.010 ampere and a minimum of 
0.004 ampere. The value of ф could not exceed 0.6 for commer- 
cial operation. 

The relay of the standard type, which had short magnet cores, 
developed an absolute margin of about 0.005 ampere. This 
relay was wound with a total of 5,600 turns of No. 33 enamel 
wire. 

The Frier relay is a self-polarizing type and was the most 
efficient of the three tested. The average of 10 tests gave an 
absolute margin of 0.0066 ampere, with a maximum of 0.008 
and a minimum of 0.005 ampere. 

It should be kept in mind that these margins are the extreme 
limit of operation and not commercial. The lowest commercial 
operating currents, using one-half of the whole winding, are 
given in table XII. 
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In selecting the values of terminal resistance the polar relay 
has been assumed to have 400 ohms and the neutral relay 800 
ohms, while the lamp resistance has been taken as 600 ohms. 
The use of the Field key system does not affect the case, as a 
consideration of that system* will show. | 

The low or minimum value of e.m.f. has been taken аз 90 volts, 
with a ratio of 3.5 to 1.0. The whole set of assumed conditions 
is then, 


ғі-- 600 ohms ) 


r;— 600 ohms 
Е,- 90 volts | (115) 
p=3.5 


m=().030 ampere 


The substitution of these values in the formule for quadruplex 
transmission gives the following results. 


TABLE XIII 
MAXIMUM PERMISSIBLE MENS RICE T FOR VARIOUS RESISTANCES 


Resistance Limiting distance 
per mile or length of line 
2 ohms 531 miles 
3 442 
4 | 386 
6 313 
8 268 
10 i 236 
15 186 
20 156 
25 125 
30 ; 120 
40 98.7 
аиа Ес а га 84.3 


In employing expression (99), which has а F sign under the , 
radical, the sign was always so taken as to give the lowest 
value of J. It is notable at once that these operative distances 


*See the Telegraph and Telephone Age, “Оп the Resistance to Use 
in the Field Key System," October 1, 1910, p. 666. 
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are very much less than the distances for duplex transmission 
and considerably less than the distances for simplex transmission. 
This result is fully in accord with experience, which shows that 
the neutral side of a quadruplex always fails first, as bad weather 
approaches; and the neutral side is less stable as a rule than а. 
simplex circuit under like conditions. It is also well-known that 
duplex transmission has the greatest margin of all and works 
under conditions so severe that the simplex and the neutral 
side of the quadruplex fail completely. | 

Some actual results of quadruplex operation are very inter- 
esting in this connection. The operating conditions of the fol- 
lowing circuit were carefully studied. The line was almost exactly 
500 miles (804.6 km.) in length, of No. 9 B. & S. copper wire, 
which included about 8 miles (12.8 km.) of underground cable. 
The e.m.fs. at one terminal were 290 volts and 85 volts, or a 
ratio of 1 to 3.4; at the other terminal they were 255 volts and 
80 volts, or a ratio of 1 to 3.2, so that an average ratio of 1 to 3.3 
was employed in calculations, with an e.m.f. of 85 volts. 

The polar relays were wound to a total of 180 ohms, or 90 
ohms per side and the neutral relays to 150 ohms per side. The 
Field key system was employed, but the lamp resistance was 
only 200 ohms instead of the usual 600. 

The resistance of the artificial line for a balance in fair weather 
was 2,990 ohms; in bad weather the lowest balance at which all 
four sides of the quadruplex would operate was about 1,800 
ohms. Тһе use of expression (63) to find the value of r under the 
given conditions, 


r,—240* ohms 


ra = 200 ohms 
(116) 
r3 = 2,990 +240 = 3,230 ohms | 
[= 500 miles 
gave as an average value 
‚т=5.12 ` (117) 


"When the artificial line balance was 1,800 ohms it was found 
by calculation that the approximate value of K was 


К = 2,000 (118) 


“А value of 250 ohms was used in later calculations. 


1226 FOWLE: TELEGRAPH TRANSMISSION [June 27 


This value of К in connection with the predetermined value 
or r gave, 


g = 1.280 X 10-6 (119) 
and 
В = 2.560 x 10-3 
«8! — 3.597 
(120) 
ЕВ! = 0.2780 
6-28! =0.07731 
апа 


a = 0.6447 (121) 


Recalling the assumption made in expression (52), it is well to 
note that in this case 


1-о e’! 


iia eui 70.9050 (122) 


instead of unity. This would produce some error in the previous 
formule for duplex and quadruplex transmission, but the true 
values of К and ғ; were used іп the present calculations. 

The value of line current calculated from (81) was 


Г, — 0.01950 (123) 
and the corresponding current in the artificial line was 
І, = 0.03604 (124) 
Therefore 
I,4—1,=0.01654 (125) 
The value of line current calculated from (84) was 
І, = —0.01512 (126) 
апа 


I,’ = 0.03912 | (127) 
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Therefore 
14-І, = 0.05424 (128) 


The ratio of the net magnetizing currents in the relay (half- 
winding) is 

0.01654 

ф = 0.08424 =0.305 (129) 


The reciprocal of the e.m.f. ratio, p=3.3, 15 0.303 and this 
shows that the ratio of magnetizing currents is almost exactly 
the ratio of e.m.fs. 

The least value of magnetizing current to which the relay 
would respond commercially is about 0.054 ampere, because any 
increase іп the leakage would necessitate a lower balance than 
1,800 ohms, which in turn made the neutral side inoperative. 
The reason for the failure is found in the fact that greater 
leakage diminishes the magnetizing currents. 

The particularly interesting feature is the fact that the 
neutral relay used at one of the terminals is the 300-ohm Foote- 
Pierson relay referred to in table XII whose minimum operating 
current for commercial service was estimated as 0.050 ampere, 
or 7.4 per cent less than the value calculated from the actual 
operating limit. Considering the extent to which judgment 
enters into such tests and also the ability of an operator to adjust 
his relay properly, the agreement is fairly satisfactory. 

The calculated leakage conductance, given in (119) corres- 
ponds to an insulation resistance of 0.78 megohm pcr mile 
(1.6 km.) The neutral side of this quadruplex failed quite a 
number of times a year, with every occurrence of fairly heavy 
weather over the line as a whole. | 

It is further of interest to know that those in charge of this 
line had found experimentally that a diminished lamp resistance 
increased the margin of operation, as we know it should. It 
was also found that a reduction of the resistance of the polar 
relay produced the same result without jeopardizing the margin 
on the polar side, as again we know it should. The operation 
could be further improved by employing Frier relays and greater 
value of maximum e.m.f. The standard lamp resistance is 
600 ohms and is detrimental to transmission. The resistance 
of polar relays is generally 800 ohms, which is needlessly high 
for most lines. The resistances used in the example just given 
are sufficiently high as a rule. 


1228 FOWLE: TELEGRAPH TRANSMISSION [June 27 


Summary. The results obtained for the three types of trans- 
mission, given in tables V, XI and XIII, are summarized т 
table XIV for comparison, and plotted in Fig. 8. 


TABLE XIV 
SUMMARY OF LINE LENGTH 


Maximum permissible length of line 


Resistance 


per mile = Duplex Simplex EK MENTEM 
2 ohms |^ 783 miles 507 miles 531 miles 
3 658 510 442 
4 эхо 450 386 
| 6 4825 376 313 
х 425 331 268 | 
10 384 299 236 
15 318 248 | 186 
20 278 217 | 156 
25 250 195 | 135 
30 229 179 120 
40 200 156 98 7 
50 180 | 140 84.3 


— —— —Ó—MÓÀ— ди ————— 


The curves in Fig. 8 permit the determination of the line 
length for a wire of any stated resistance per mile. They also 
illustrate clearly the differences in transmission range among the 
three systems. It is next possible, knowing the weight of the 
mile-ohm at the desired temperature and the conductor weight 
per mile, to find the resistance per mile and interpolate the line 
length from Fig. 8. 

The mile-ohms of the line conductors used almost exclusively 
in telegraph service are given in (180) below, for a temperature 
of 68 deg. fahr. 


Hard drawn copper (98 per cent) = 895 lb. 


Extra best best iron =4,700 “ 

(130) 
Best best iron =5,500 “ 
Steel = 6,500 * 


The values given by different manufacturers for iron vary 
slightly and so do the conductor weights. The values above 
are taken from Roobling's tables. 

A new type of conductor which deserves special attention for 
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telegraph service is copper-clad steel. А full discussion of its 
elementary properties is referred to below.* It consists of a 
steel core with an enveloping copper shell, the metals being 
welded at the junction. The conductivity of such a wire can 
be varied within certain limits by altering the proportions of 
copper and steel. The method of rating is usually in terms of 
its conductivity ratio to solid copper of equal size. А ratio of 
40 per cent has been standardized by one manufacturer and is 
in considerable use, for various purposes. The rated value of 
the mile-ohm at 68 deg. fahr. is 


W =2,075 Ib. (941 kg.) (131) 


CUFL Ey 


OPERATIVE LIMIT, IN MILES 


OHMS PER MILE 
Fic. 8 


The tensile strength of wires of this material, in telegraph 
sizes, is from 90,000 to 100,000 Ib. per square inch (6.45 sq. ст.) 
compared with 60,000 to 65,000 lb. (27,215 kg. to 29,483 kg.) 
for hard-drawn copper; the elastic limit 1s approximately 50 per 
cent more for copper-clad than for copper. Тһе modulus of 
elasticity for copper-clad, in inch-lb., is from 21,000,000 to 
22,000,000, compared with 16,000,000 to 17,000,000 for copper. 

Employing these several values of the mile-ohm to determine 
the resistance per mile for various gauge sizes and then inter- 
polating the line lengths from Fig. 8, gives results as follows, 


* Electrical Properties of Compound Wires," Electrical World, De- 
cember 22, 1910; December 29, 1910; and January 12, 1911. 
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TABLE XV 
MAXIMUM PERMISSIBLE LINE DISTANCES FOR SIMPLEX TRANSMISSION 


Maximum line distance 


Hard- | Copper- 
drawn e 42 Е. 15 ЫН; 
Gauge соррет | | ps e 
number aes, | ваз) | (B.W.G) | (B. W. G) | (B.W 
| | 
6 585 397 327 304 uw ue ac 282 
7 535 358 293 273 | 252 
8 485 322 270 | 252 233 
9 437 290 245 | 228 211 
10 395 261 223 | 207 191 
11 357 235 202 186 173 
12 321 211 184 171 157 
13 289 188 161 149 
14 260 169 141 


Attention is called to the fact that the gauges in table ХУ 
are not all alike; the Brown and Sharpe gauge is commonly 
used with copper and copper-clad wires, while the Birmingham 
gauge is used with iron and steel. 

In order to show the general relation between the conductor 


WEIGHT OF WIRE, IN LBS. PER MILE 


900 М0 
LENGTH OF LINE. IN MILES 
Fic. 9 


weight per mile and the line length, the distances given in 
table XV and the corresponding congue weights have been 
plotted in Fig. 9. 

These curves emphasize again how rapidly the weight per 
mile increases with the length of the line. They also illustrate 
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the need of making cost studies of transmission to decide the 
most economical proportions and designs; some of these features 
have already been pointed out and others will be discussed later 
in general terms. 

Nearly all of the large telephone and telegraph companies 
have standardized certain gauges of wire, which is obviously 
desirable in a large wire plant to secure flexibility. The standard 
conductors in long-distance telephone service have been for 
many years No. 8 B. W. G. and No. 12 N. B. S. G. hard-drawn 
copper. The standards for telegraph service have long been 
No. 9 B. & S. copper and No. 8 B. W. G. iron. Other sizes have 
bcen used to some extent, but not generally. 


The operative limits of various conductors in use are given 
in table XVI. 


TABLE XVI 
OPERATIVE LIMITS OF VARIOUS CONDUCTORS USED IN TELEGRAPH 
SERVICE 

| | | | 
Weight Operative 

per mile limit 

Gauge Material (1b.) (miles) 

No. 8 B. W. G...... H. D. copper 435 593 
% 9 В. & S....... s " 209 437 
* 12 М.В. 8. б.... Ы ш 173 402 
* 108. & S....... “ “ 166 395 
s 6 B. W. С...... B. B. iron 573 304 
s 8 B. W. G...... : 5 378 252 
“ 10 B. W. С...... С “ 250 207 


The curve for copper in Fig. 9 shows that it 1s the lightest 
material of all for any specified service; and at normal prices it is 
also the cheapest on a basis of conductivity. But conductivity 
is not an exclusive consideration; the mechanical properties are 
fully as important. A long experience with hard-drawn copper 
in the sleet zones has demonstrated that the strength of No. 9 
B. & S. is not capable of withstanding the storms of extreme 
severity, although it stands up fairly well in moderate storms. 
No. 12 N. B. S. G. has somewhat less strength than No. 9 B. & S. 
and will not sustain severe loads of sleet and wind. 

If a copper wire of 200 lb. (90.7 kg.) weight per mile (1.6 km.) 
is regarded as the smallest practicable size, it is evident from 
Fig. 9, that this size must be used for all lines less than 430 miles 
(692 km.) in length, until the 200-Ib. (90.7 kg.) abscissa intersects 
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the curve for copper-clad steel at about 300 miles (482.8 km.) 
or the curve for B. B. iron at about 185 miles (297.7 km.). 

A detailed cost study is necessary to fix the relative economy 
of various kinds of conductors, but in general it can be said that 
copper-clad steel finds its economical field of use in the lines 
less than 300 miles (482.8 km.) in length, except where automatic 
repeaters can be emploved. In making such a study it ought 
to be kept in mind that iron and steel wires ultimately corrode 
and that with the progress of age (and corrosion) they suffer a 
progressive loss of conductivity and tensile strength. The 
tensile strength requirements depend in great part on the most 
severe combinations of sleet and wind which are likely to occur; 
in the foot-note reference* there will be found an investigation 
of this subject. from conditions prevailing in the vicinity of 
Chicago, Ш. 

Finally, itis pertinent to compare the results obtained from 
the leakage theory of transmission (over open-wire lines) with 
the empirical results stated by Mr. Herbert and given in (2), 
(3) and (4) at the opening of the paper. The results are directly 
compared, so far as possible, in table ХУП. 


TABLE XVII 


COMPARISON OF THE КК AND THE LEAKAGE THEORIES OF 
TRANSMISSION 


— 


Conductor Operative limit 


| 
| 
| material 
| and weight KR Lcakage 
| per mile theory thcory | 
| 
150-1Ь. соррег.............. 590 377 | 
100- “ ЕК КУЛК adem ee 487 | 314 | 
450- “ ігоп................ 363 272 
400- “ Morc 291 258 | 


The empirical K R rule applies to English, practice which 
employs the open-circuit method, while the lcakage theory ap- 
plies to American practice, ог the closed-circuit method. Тһе 
results are not directly comparable, of course, but tend toward 
the conclusion that the K R theory gives greater operative limits 
than the leakage theory; or otherwise stated—in the present 
state of development the operative limit is fixed by considera- 


*'" A Study of Sleet Loads and Wind Velocities,” Electrical World, 
October 27, 1910. 
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tion of the Ohm’s law strength of signals, rather than the speed 
of transmission. | 
The К К theory certainly fails to develop the important rela- 
tions between the properties of the line and the properties 
of the terminals which are so clearly brought out in the leakage 
theory. But fundamentally the K R law is absolutely in- 
applicable to open-wire lines for the simple reason that they 
possess inductance and leakage in addition to the cable prop- 
erties of resistance and capacity. | 


У. RELAY DESIGN > 


There has been considerable activity from time to time in 
relay design and improvement, but it does not seem to be 
keenly realized that one of the very important things is to keep 
the terminal resistance at an absolute minimum. The standard 
150-ohm and 35-ohm relays have not undergone any material 
change in design or any improvement in many years. The 
35-ohm relay is not the equal in power of the 150 ohm, because 
it has approximately only half as many turns, and in consequence 
it requires double the operating current for equal results. 

The only possible way in which the resistance can be reduced 
by improvements in the winding is to increase the winding volume 
thus making it possible to employ a large size of wire without 
reducing the number of turns. In general this increases the 
bulkiness of the relay and such a result seems to have been looked 
upon unfavorably. In the matter of insulation, however, there 
is room for some improvement by the use of enamel instead of 
silk, whenever the wire used is smaller than No. 23 B. & S. 
gauge. This is evident from a consideration of the coefficients 
of space utilization, or the ratios of copper volume to winding 
volume. Obviously the thinner the insulation the more turns 
of a given size of wire can be wound in a stated volume, or for a 
fixed number of turns, the less will be the resistance. Table 
XVIII shows the results of a study of space utilization, for enamel 
silk and cotton insulation. 

The advantages of silk over cotton, and enamel over both, 
are very clearly shown. It is obviously desirable to employ 
enamel insulation. Ап objection has been urged against it in 
the matter of repairing damaged relays, it being claimed that 
the wire can be used but once because of the brittleness of the 
enamel when wound on a very small radius. Considering the 
small annual maintenance charge per relay and the correspond- 
ing saving in line conductor cost which results from a low terminal 
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resistance, it is practically a foregone conclusion that enamel 
insulation is economical, except possibly for very short or so- 
called pony lines. 

The use of enamel in relays of the neutral type, for quadruplex 
service, is highly important; because in this case the neutral 
side is the least stable and every added increment of margin is 
valuable. Referring to the 800-ohm polar relay of the Stroh 
type and the 800-ohm neutral relay of the Frier type, previously 
referred to and tested, and made by the same manufacturer, 
the polar relay had a total of 14,200 turns of No. 35 В. & 5. 
black enamel wire, while the neutral relay had a total of 14,100 
turns of No. 35 B. & S. single-silk covered wire. If there is any 
choice between these relays as to which one should have enamel 


. TABLE XVIII 
COEFFICIENTS OF SPACE ___ COEFFICIENTS OF SPACE UTILIZATION IN MAGNET WINDINGS 


Coefficient of space utilization 


Single Single 


! 
ow [= B. & S. 
gauge cotton sil Enamel 

| 24 0.50 0.67 0.68 
| 26 0.46 0.61 0.68 
| 28 | 0.41 0.57 0.67 
| 30 | 0.36 0.55 0.64 
| 32 0.27 0.50 0.67 
| 34 0.23 0.40 0.65 
| 36 0.19 0.39 0.62 

38 0.14 0.34 0.67 

40 | 0.10 0.29 0.65 


insulation—which it seems there is not—the neutral relay should 
be selected most obviously. 

The opportunities for improvement in windings generally are 
well worth taking advantage of, but perhaps the greatest im- 
provement that can be made has to do with the magnetic circuit. 
The desideratum in a relay of any type is sufficient force of 
magnetic attraction, between the poles and the armature, to 
overcome the retractile force and the inertia of the moving sys- ` 
tem, and to close the local contacts quickly and firmly. The law 
of magnetic traction, or the force exerted between a pole and its 
armature, is 


ес (182) 
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expressed in c.g.s. electromagnetic units, where B is the flux 
density and А 15 the pole area. It 15 very well known that when 
the pole and the armature аге in contact, or that 15, when the 
magnetic circuit is closed, the maximum value of P occurs with 
a minimum value of A. The simple explanation is the fact 
that halving A, for example, doubles B and quadruples the 
square of B, and so doubles the value of P. The limit naturally 
arrives at saturation. 

But the introduction of a small air-gap between the pole 
and its armature, as in the ordinary telegraph relay, establishes 
a new state of affairs. Assuming a constant number of ampere- 
turns, it is essential to find the value of A which makes P a 
maximum. The reluctance of the whole magnetic circuit is 
comprised in very large part of the reluctance of PM аіг-рар: 
If ф is now the total magnetic flux, 


Ф= В А (183) 
апа therefore 
pe^ 
“8тА | d 


The number of ampere-turns, п Г, required to establish the 
total flux ф in a gap of length / and area A, 15 


10/4 


а (185) 
or 
4Tnl | 
e-(^ m ГА (136) 
апа 
16 т? п? Г 
P-(^ 800 т /? BE “eo 


of which the only variable part is A. Therefore the larger the 
area of the air-gap the larger will be the pull between the pole 
and the armature. The value of P will not increase quite as 
fast as A, however, because a small part of the ampere-turns are 
required to overcome the reluctance of the iron portion of the 
magnetic circuit, and this part will increase as A increases. But 
a very substantial increase will result in the pull Р, from т- 
creasing the area of the gaps in a standard telegraph relay. 
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` This result is directly at variance with the early theories and 

it is particularly interesting to note Professor S. P. Thompson's 
reference, in his “ Lectures on the Electromagnet," to the ex- 
periments of Dr, Julius Dub with polar extensions on bar mag- 
nets, made about 1850. Dub found that a polar enlargement 
decreased the pull across a gap, which was later explained, and 
correctly, upon the theory that the pole piece increased the 
leakage and diminished the flux which issued straight out from 
the pole. This was the result obtained with a long bar magnet, 
which is the direct antithesis of a horseshoe magnet with an 
armature separated from its poles by a small gap. The correct- 
ness of the present conclusions has been proved experimentally 
with polar enlargements on at elegraph relay 
of the standard 150-ohm type. 

The practical benefit which results from 
this departure in the construction of the 
magnetic circuit is the ability to reduce the 
ampere-turns and the resistance, without 
sacrificing the intensity of armature pull or 
attraction now obtained. There are many 
ways of securing this result. Fig. 10 shows 
one method which will quickly occur to 
everyone. A superior method or design is Fic. 10.—Enlarged 
shown in Fig. 11, which is an iron-clad type pole piece апа 
with a large pole piece on the central core. с оп ог- 

inary type of 
In the last case a total armature pull of no telegraph relay. 
less than the pull in a standard 150-ohm 
relay can be obtained with not more than 20 ohms of resistance 
in the winding. 

The tendency in these designs 15 toward heavier armatures 
and greater inertia, making it necessary to increase the forces 
actuating them in order not to sacrifice speed. This can be 
minimized by using armatures as thin as practicable, mounted on 
aluminum frames. If the 35-ohm standard relay is taken as a 
basis, instead of the 150-ohm, the resistance can be reduced 
somewhat below 20 ohms. Іп the case of way circuits the im- 
provements will be especially marked. 

There has long been a supposition that relays with short 
magnetic circuits are inherently quicker than retays with long 
circuits. "There are so many variables in relay design, however, 
that comparisons should be made with extreme care. Funda- 
mentally the quality of iron in the magnetic circuit should be of 
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the best—of high perme ability and as nearly devoid of hysteresis 
as possible. For the most rapid operation the magnetic cir- 
cuit should be laminated and the laminations should be insu- 
lated, in order to secure full magnetic penetration in the shortest 
time. Solid thick cores are the least desirable in form, because 
the screening or dissipative effect of eddy currents diminishes 
the rate of magnetic penetration. 


VI. GENERAL IMPROVEMENTS IN TERMINAL CONDITIONS 


Aside from the matter of relay improvements it is generally 
possible to improve telegraph operation by careful attention 
to the terminal conditions. In particular it should be kept 
in mind that faults here decrease the operative margin or limit 
of working distance and can only be compensated for by in- 
creased line conductivity. The lamp resistances, where gen- 


Fic. 11.—Iron-clad relay with enlarged pole areas 


erators are employed, should be made as low as possib!e; iron 
filaments should always be employed in the place of carbon, 
which has a negative temperature coefficient. The resistance 
of earth connections should also be made as low as possible, and 
to that end should be measured periodically. 

A most economical size of office wire can always be calcu- 
lated for any specific line circuit: and in order to secure flexibility 
as well as economy, the size used ought to be adequate for all 
except possibly the very longest lines, which will have special 
office conductors of the proper size. Тһе matter of office wiring 
is doubly important on way circuits. 

The terminal resistances can be made less as a whole with 
generators than with batteries, for e.m.f. sources. Careful 
Cost studies to determine where and when it will be economy to 
replace battery installations with generators will generally 
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pay for themselves. The rapid development of electric power 
service all over the country now makes it rarely necessary to 
rely on batteries or isolated plants, although the latter may pay 
for themselves in some instances. 

Specifically, it seems possible іп most cases to do away, іп 
whole or in part, with lamp resistances. These resistances are 
used mainly to prevent dangerous currents in the case of short- 
circuits or grounds near the generator—or the terminal office. Of 
course the resistance is necessary in some cases to prevent spark- 
ing at line contacts and cannot be sacrificed in that case without 
some efficient substitute. But where such is not the case it 
seems that a circuit breaker of special design would provide the 
necessary protection with much saving in terminal resistance. 
In order not to open the line entirely it is proposed that the 
circuit breaker should normally short-circuit the protective 
resistance and cut it into circuit upon operation—or whenever 
the current exceeds the safe limit at which the breaker 1s set to 
act. These circuit breakers should be within sight of the wire 
chief and should give an alarm upon their operation—and if there 
are many of them, a visual signal also. 


VII. IMPROVEMENTS IN LINE INSULATION 


The minimum value of insulation resistance experienced in 
practice is a critical factor in fixing the required line conductance, 
as already pointed out. In order to show this more effectively 
the following table XIX has been computed for a line of 10 ohms 
resistance per mile, assuming simplex transmission under the 
conditions previously described. 

TABLE XIX 


EFFECT OF VARYING LEAKAGE ON A LINE OP 10 OHMS PER MILE, FOR 
SIMPLEX TRANSMISSION 


-- 


Insulation resistance Leakage conductance 
megohms mhos per Operative limit 
per mile miles in miles 
1.000 1.0Х105 624 
0.500 2.0Х10% 433 
0.250 4.0Х104 299 
0.125 8.0 Х10“ 204 


The table shows that the operative limit in miles increases 
slightly faster than the one-half power of the ratio of increase 
in insulation resistance; that is, quadrupling the insulation re- 
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sistance increases the operative limit slightly more than double. 
The great saving in line cost which will result from better insula- 
tion is perfectly apparent and it is also apparent that the cost of 
better insulators may double or triple without materially re- 
ducing the saving if the gain in insulation is commensurate. 
If the insulation could be increased indefinitely an operative 
limit would be fixed in any case by the inability to signal with 
requisite speed, but there is a large margin for improvement. 
For example, several cases have come under the author's ob- 
servation where circuits of No. 8 B. W. G. iron, 500 to 600 miles 
in length, have been employed for through simplex or duplex 
service, without repeaters in good weather; upon the approach 
of heavy weather automatic repeaters were cut in near the 
middle of the line. If such a circuit measured 10,000 ohms in 
clear weather, it would require only 250 volts at each terminal 


Fic. 12.—Standard glass Fic. 13.—Standard Fic. 14. — Porcelain 
insulator for telephone glass insulator for insulator for loaded 
lines telegraph lines telephone lines 


to secure a line current of 0.050 ampere, which is well under the 
voltage limit for telegraph circuits in general, except composited 
telephone circuits. 

There are two possible methods of improving the insulation. 
The first is the reduction of the number of poles per mile and 
consequently the number of insulators. In general this method 
is inapplicable except on lines carrying very few wires, be- 
Cause it requires greater sag in the spans, higher poles and in- 
creased horizontal separation between adjacent wires. The 
second method, which holds the greater potential possibilities, 
is the adoption of better insulators. 

Two types of insulators now in very extensive use are shown 
in Figs. 12 and 13. The first is the standard glass insulator 
for telephone service and the second is the standard glass insu- 
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lator for telegraph service. А recent type of porcelain insulator 
for loaded telephone lines is shown in Fig. 14. The latter repre- 
sents an effort to secure better insulation and is of special in- 
terest for that reason. It was learned some years ago, after the 
first attempts to load long telephone circuits of No. 8 B. W. G. 
copper, that the normal gain in transmission could not be 
maintained in heavy weather, because of the low insulation— 
a result which was quite in accord with the full theory of the 
subject. In fact, when the insulation was very low, the loading 
caused an actual loss in transmission as compared with an 
unloaded circuit. The insulator in Fig. 14 is reported to give 
satisfactory results in the brief experience with it up to this 
time. 

These three insulators are all of the same general type, mounted 
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Fic. 15.—Improved type of Fic. 16.— Under hung type of 
porcelain insulator for telegraph porcelaininsulator fortelegraph 


lines lines 


on a pin, directly above and rather close to the cross-arm. Іп 
common they possess the disadvantage that the impact of heavy 
rainfall on the cross-arm tends to spatter the under sides of the 
petticoats and thus impair the insulation resistance. The in- 
sulator shown in Fig. 15 is designed to relieve this condition 
somewhat, but it is very difficult to do so without increasing 
the length of the pin and thus increasing the stresses in the 
cross-arm, at times. 
.. The possibility also suggests itself of adopting an under-hung 
insulator, of the pin type. Such a type is shown in Fig. 16; 
it seems to offer greater probability of a comparatively dry interior 
than any of the previous types. Тһе large petticoat serves both 
to shed the water which comes from the cross-arm and shelter 
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the interior. No water could reach the interior by impact or 
by spattering; if the line were on a hillside, a small amount of 
water might trickle down the line wire and wet the tie, but it 
would then drain to the under flange and drip to ground. 

It is but a step further in evolution to the more radical pro- 
posal for an insulator of the suspended or strain type, now familiar 


%% А 
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Еіс.17. 
Strain insulator 


in power transmission. The in- 
sulator shown in Fig. 17 is dis- 
similar, however, from any of 
the present types for the latter 
purpose. It is specially designed to obtain as dry an interior 
as possible and consequently has an extended shell or petticoat. 
The suspension is of the link type, submitting the porcelain to 
compression stresses almost entirely. The hole for the upper 
suspension is made straight at the 
bottom so as not to hold water, which 
might otherwise collect and freeze, 
thus splitting the insulator by its ex- 
pansion. As much room as possible 
is provided in the interior for the in- 
sertion of the lower suspension, be- 


Fic. 18.—Strain insulator, Fic. 19.—Strain insulator 


showing suspension 


tween the shell and the bridge. Fig. 18 shows the general method ` 
of suspension and a particular method of attachment to the line 
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wire. Fig. 19 shows the same general design with greater flare 
of the shell. This general type of insulator will only serve for 
tangent portions of a pole line, where all the stresses of the line 
wire lie in a vertical plane; at corners and curves the rigid sus- 
pension is necessary. It will permit slightly greater swinging 
of spans than ordinarily occurs with rigid suspensions and on 
that account it will be necessary to increase the horizontal 
separations slightly. In long tangents it will be necessary to 
introduce rigid suspensions for anchorage purposes, at periodic 
intervals. 

The natural flexibility of this type of construction gives it 
some advantages under severe loads of sleet and wind. The 
breaking of a single conductor does not ordinarily relieve adja- 
cent spans, but in this case it would do so for some distance and 
thus tend to prevent the complete stripping of wire which occurs 
frequently in severe sleet storms. 

The strain type of insulator is better adapted to pole lines 
carrying a few wires than to lines heavily loaded, on account of 
the greater horizontal separation needed. At the same time, 
however, it can be used to increase the wire capacity of present 
lines, by stringing new circuits between arms. For special 
purposes, such as patrol circuits on or parallel to transmission 
lines, it also has advantages. 

In general the proposal to change the types of line construc- 
tion may seem radical to the telegraph field, which has been 
accustomed for so many years to fixed standards. But one of 
the greatest potential dangers in standardization lies in the 
fact that it may be overdone and given standards persisted in 
too long, at the sacrifice of progress and efficiency. 
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INDUCTION MACHINES FOR HEAVY SINGLE PHASE 
MOTOR SERVICE | ' 


ВУ Е. Е. W. ALEXANDERSON 


The experimental results and investigations presented in this 
paper have the object of showing the possibilities of operating 
polyphase motors from single-phase circuit, particularly with a 
view of the use of such a system where heavy starting duty is 
required. At various times there have been suggested schemes 
for changing single-phase current into polyphase current for such 
purposes, but those schemes have never been taken very seri- 
ously on account of their ineffectiveness in producing a balanced 
polyphase current. 

The reason why the author feels justified in presenting these 
data to the Institute is, that he has succeeded by the scheme 
described in producing a balanced polyphase current by an ap- 
paratus which, in cost and weight, is only a fraction of the driving 
motors, the motors being ordinary polyphase motors with the 
same starting and running characteristics as such motors used 
on ordinary polyphase circuits. 


EARLY TYPES 


A well known scheme, often thought of in connection with 
changing single phase current to polyphase, is the use of an in- 
duction motor, as shown in Fig. 1. Two terminals of the 
induction motor are connected to the single phase line, whereas, 
all three terminals are connected to the driving motor. If the 
first mentioned machine, which may be classified as a “ phase 
converter ”', runs at full speed it generates a polyphase voltage 
which is available for starting the driving motor. However, the 
output of the phase converter is very unbalanced, and the starting 


NOTE:—This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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torque of the motor is so much reduced that the system has found 
application only in exceptional cases. 

The theory of the phase converter can be treated with greater 
facility if both machines are considered as quarter phase instead 
of three phase machines, and this assumption will, therefore, be 
used in the following: 

Considering the quarter phase connection, as shown in Fig. 1, 
it,is apparent that phase А is fed directly from the line, whereas, 
phase B of the motor is fed through the medium of the windings 
of the phase converter. In other words, whereas, the working cur- 
rent in phase A of the motors 
needs to flow only through one 
winding, the working current | Prase converter 
in phase В must flow through | a 
three windings, that is, phase 
A of the converter, phase B 
of the converter and phase А 
of the motor. The net result 
is as shown by theory as well 
as tests, that the maximum 
starting torque of such a com- 
bination 15 between 45 per 
cent and 50 per cent of the қо орж», 
torque of the same motor fed PE MM 
from a polyphase circuit. 27 5 
Under those circumstances и / 
would be impractical to use 
such a scheme for starting and 
accelerating duty, because the maximum output of the driving 
motors is usually the limiting feature of the design. 


PHARE A 
t 


N \ MAUMUM 
w TORQUE 
3 


^ 
> 


Fic. 1 


NATURE OF THE IMPROVEMENTS 


The scheme presented by the author is a development from 
the induction phase converter shown in Fig. 1; however, with the 
introduction of such improvements that the starttng torque of 
the main motors is the same as on polyphase current instead of 
less than one-half of that value. 

The reason for the ineffectiveness of the phase converter 
in accordance with Fig. 1 is the voltage drop in phase B, and, 
furthermore, the phase displacement between the voltage of 
phase B and the voltage of phase A. The starting torque of a 
quarter-phase motor is proportional to the product of the 
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voltages on phase A and phase B multiplied by the sine of the 
phase displacement between phase A and phase B. To illustrate 
this, it can be said that the starting torque is proportional to the 
triangle representing a complete polyphase voltage impressed 
upon the motor. The voltage triangles for an induction phase 
converter delivering current under the conditions of maximum 
torque of the motor is shown under the corresponding diagrams 
in Fig. 1. 

It is evident, at first sight, that the voltage at the terminals 
of the motor is very far from a balanced polyphase voltage. 
In order to improve these conditions it is necessary to correct 
the phase displacement as well as increase the current in phase B. 
In attempting to accomplish this, the first improvement which 
suggested itself was to connect the motor in series with the phase 
converter. In doing so the phase converter is forced to act 
like a series transformer between phase A and phase B, trans- 
forming the current from one winding to the other and dis- 
placing it at the same time by approximately 90 deg. This 
arrangement in itself effects a considerable improvement be- 
cause the phase converter, looked upon as a series transformer, 
maintains a comparatively good ratio between the primary cur- 
rent and the secondary current, and the ratio of currents and 
phase displacement rather improves by increasing load, whereas, 
the secondary voltage in the multiple connection decreases 
rapidly at increasing load. Аза nct result of this arrangement, 
according to experiment, it can be stated that the starting 
torque 16 about three-quarters of the starting torque with poly- 
phase current. Such a result, although a considerable im- 
provement would scarcely be acceptable. The reason for the 
lack of effectiveness is the fact that all the lagging current that 
must be supplied to phase B of the motor must be transformed 
twice by the phase converter, passing from stator to rotor and 
back from rotor to аон саи causing a considerable drop 
in voltage. 

The method which has been found to overcome this difficulty 
As to interpolate in phase B a voltage, derived from the line, 
So as to create artificially a phase displacement between the 
Output of the phase converter and the input of the motor. By 
doing so the phase converter is allowed to give an output of 
leading current instead of lagging current, whereas, the motor 
Teceives lagging current as before. It should be noted that the 
current flowing in the two machines is the same, but it has the 
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effect of lagging current in one and leading current in the other 
on account of the artificial phase displacement between the 
voltages. The result is that the current output of the phase 
converter is not demagnetizing, but tends to increase the voltage, 
and, in fact, as will be shown in the following, the voltage and 
current of the secondary phase can be entirely regulated by selec- 
tion of a suitable voltage for interpolation between the windings. 
The diagram of connections is shown in Figs. 2 and 3. In Fig. 2. 
an autotransformer is used for supplying the interpolated voltage 
whereas in Fig. 3 the line voltage is used, while phase B is even- 
tually wound with a correspondingly greater number of turns. 


GENERAL THEORY 
Next to the fact that the system is operative the most im- 
portant question to be answered is, what are the characteristic 
curves and the efficiency and power factor of the combination. 


AUTOTRANSFORMER 


PHASE 8 
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Fic. 2 Fic. 3 


There are two methods of analysis that could be employed for 
such a problem; a complete mathematical analysis of the elec- 
trical energy components, and the sympathetic method dealing 
only with input and output and losses. 

The mathematical analysis of a machine like the ordinary 
single-phase induction motor and even the transformer have led 
to considerable literature, and new contributions to the same are 
being made all the time. It, therefore, appears that even in 
problems where the methods are as well agreed upon as those 
mentioned, there is considerable latitude for the personal point 
of view of the investigator. The problem before us 15 a good 
deal more complicated than those mentioned, and for this reason 
the complete mathematical analysis will not be attempted, but 
the paper will be confined to the statement of the premises and 
deriving the most important results by a synthetic method. In 
dealing with direct current the synthetic method 15 extraordinarily 
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simple and used exclusively. АП that needs to be considered is 
the energy terms, input, output and losses, which are all measured 
in watts. With alternating current there are the wattless com- 
ponents to be considered which are measured in volt-amperes. 
There seems, however, to be a law for dealing with wattless volt- 
amperes which 1$ almost as definite as the conservation of energy, 
although it has not been scientifically formulated. For practical 
purposes it can be stated that all the wattless volt-ampcres 
delivered to a circuit can be traced as losses of volt-amperes or 
outputs of volt-amperes in some parts of the circuit or of its 
subsidiary circuits connected to the same by induction or rota- 
tion. A certain quantity of volt-amperes can be changed to 
another quantity by change of frequency on account of relative 
rotation of the winding. Тһе quantities are, however, strictly 
connected by the relative frequency, so that it may be said that 
the volt-amperes divided by the frequency is a fundamental 
quantity or magnetizing effort, which follows a law analogous 
to the conservation of energy. 

А magnetizing effort can be generated only by a battery, com- 
mutator or other rectifying device, and is usually introduced in 
alternating circuits through a magnetic field excited by a direct 
current furnished from the commutator of the exciter. Wher- 
ever commutators occur in an alternating circuit allowances 
must be made for the magnetizing effort generated by these 
commutators. However, in the cases of purely inductive cir- 
cuits like those іп the problem before us, the law applies without 
an apparent exception. Each alternating field consumes a 
definite amount of volt-amperes for its excitation, and each 
current flowing in windings consumes a certain amount of volt- 
amperes due to its leakage reactance. АП that is necessary in 
order to find the power factor of a certain combination of alter- 
nating fields, 1s to sum up the volt-amperes needed to excite the 
field, and the leakage volt-amperes created by the current in the 
windings. These volt-amperes added together constitute the 
total wattless volt-amperes of the machine combination. The 
energy components are figured in the ordinary way, adding to- 
gether output, core losses and copper losses as determined by the 
currents flowing in the various circuits. After finding in this 
way the total energy input and the total wattless kilovolt-am- 
peres, the total input is found as the square root of the sum of 
the squares of the energy input and the wattless input. The 
power factor can then be found as the ratio of energy input to 
total input. 
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In order to use this method it 1s evidently necessary to know 
the strength of the various fields and the values of the various 
currents. However, it is not necessary to know the phase rela- 
tions between the fields and the currents, or the relative phases 
of currents and voltages. The values of the individual quan- 
tities are comparatively easy to ascertain, whereas, a knowledge 
of the phase relations requires a complete mathematical analysis 
of the components. Applying the above to the phenomena 
in the machine combination shown in the diagrams, Figs. 2 
and 3, there are only two currents to be dealt with. 

Phase winding A of the motor is connected in series with phase 
winding A of the phase converter, and it is only necessary to 


Fic. 4.—Vector diagram for starting condition 


assume a value of current for those two windings. The cor- 
responding value of current in phase B could be determined 
graphically or mathematically іп accordance with the vector 
diagram, Fig. 4, but for the sake of calculating the power factor 
it is only necessary to know, as an experimental fact, that the 
voltage interpolated in phase B through the winding of the main 
transformer can be regulated so as to give the same current 
strength in phase B as in phase A. 

If the magnetization and leakage reactance of the phase con- 
verter as well as the motor is known, it is possible to figure out 
immediately the total wattless volt-amperes consumed by the 
alternating fields. 

Fig. 4 shows the complete vector diagram for the starting 
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condition. The resistance in the rotor circuit of the motor has 
been selected so as to give maximum torque for any given voltage. 
The values of voltages and currents are given with reference to a 
line voltage of 100 in order to make the information contained 
in the diagram more directly useful for application to any other 
voltage. In such a case, all the volts and currents should be 
increased іп proportion to the voltages, and the kilovolt- 
amperes and kilowatts and torques in ratio of the squares of the 
voltages. 

The voltage interpolated in phase B has been selected 70 per 
cent of the line voltage because it was found experimentally that 
this gave an equality of current in phase A and phase B. The 
phase relations as given on the diagrams are obtained from 
the average of several measurements made at different voltages, 
but reduced to 100 volts, as stated above. The diagram shows 
vectorally the current in phase A and phase B, and also how 
those currents are combined into the total line current, using 
70 per cent of the current in phase B for one of the vectors. This 
is due to the ratio of transformation in the transformer supplying 
the interpolated voltage. The line current obtained in this 
way agrees in valuc as well as in phase with the line current found 
Бу ammeter and wattmeter measurements. Іп the diagram is 
also shown the phase displacement or deviation from exact 
quarter-phase rclation. Тһе cosine of the angle of deviation is 
0.95. Hence, it can be concluded that the starting torque is 
reduced by 5 per cent from what it would have becn with exact 
quarter-phase current. 


CHECKING OF TEST RESULTS BY CALCULATION 


Of all the factors that enter into the complete analysis, as 
indicated by the vector diagram, it is only necessary for practical 
purposes to be able to determine the following: 

Amperes line. 

Power factor line. 

Torque. 

It will, therefore, be shown how these quantities can be figured 
out from the fundamental data of the machine. 

The machines used in this test were two 25 h.p., six-pole, 
60-cycle, quarter-phase motors, with a normal voltage of 220. 
One of the motors used for the phase converter was provided with 
a squirrel cage rotor, and the other with a phase wound rotor and 
collector rings. 
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The following are the constants of the machine: 


Motor exciting admittance. .......... 0.014+ 70.095 per phase 
Motor impedance.............. .0.39 --)0.57 аа 
Phase converter а adimit TENES 0.01 +70.095 “ = 
Impedance.. EEE И ..0.26 —j0.57 “ & 


In order to make these constants available in a convenient 
form for calculation of the wattless kilovolt-amperes and losses 
at various voltages and loads, the fundamental curves shown 
оп Fig. 5 have been plotted giving the wattless kilovolt-amperes 
and losses per phase of the two machines. For the sake of con- 
venience, these curves refer to voltage per phase of 100 and the 
corresponding values of current and kilovolt-amperes for any 
other voltage are found respectively by proportionality and 
square of the voltage ratio, as stated above. The fundamental 
curves for kilovolt-amperes per phase are figured as follows: 


% | Watt- | 


Amperes 4E i?r Vi, E)?—(i, x)? less Input | Input | Ampers 
secondary kv у-а. Ку-а. kw. Ку-а. kw. kv-a. | primary. 
0 0 0 0 0.95 0.1 0.96 9.6 
10 1.0 0.057 1.00 1.01 1.1 1.45 14.5 
20 2.0 0.228 1.99 1.18 2.09 2.35 23.5 
40 4.0 0.912 3.89 1.86 3.99 4.42 44.2 


60 6.0 2.05 5.64 3.00 5.74 6.47 64.7 


The fundamental curves for the converter аге also shown 
іп Fig. 5 and are calculated 1n the same way. 

Applying this data to the starting test it 1s found that the 
wattless kilovolt-ampere per phase of the motor at 46.2 volts and 
31.8 amperes is 0.7 kv-a., the wattless kilovolt-ampere in phase A 
of the converter at 56.5 volts 15 0.79 kv-a., and in phase В at 
58 volts is 0.81 kv-a., making a total wattless kilovolt-ampcre of 
3.0. The input of the motor per phase is 1.31 kw., and the total 
losses in the converter are 0.26 kw., giving a total input line of 
3.14 kw. If the kilowatts found in this way are combined with 
the wattless kilovolt-ampere the power factor is found to be 
78 per cent. For comparison it can be stated that the measured 
power factor 15 72.5 per cent. 

So far it has been assumed in the above calculations that the 
motor is supplied with a true quarter-phase current. It remains 
to determine the phase displacement between the currents in 
the two phases in order to find the decrease of starting torque 
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due to deviation from 90 deg. displacement. Actually this 
deviation depends only upon the magnetizing current in the 
converter. The motor, like any induction motor, is magnetized 
by the phase displacement between the current in the rotor and 
the current in the stator, whereas, the phase converter is magne- 
tized by the relative displacement of stator current in phase A 
and phase B, or, to be more exact, by the deviation from quarter- 
phase relation. This is due to the fact that the load current that 
is absorbed by one phase is discharged by the other, so that the 


FUNDAMENTAL CURVES 
CALCULATED FOR 100 VOLT PER PHASE 
MOTOR EXCITATION = 0,014 + j0. 095 

IMPEDENCE = 0, 39 — f0. 57 
CONVERTER EXCITATION = 0. 01 + j0.095 
IMPE DENCE = 0. 26 — j 0. 78 


Fic. 5 


magnetizing current is leading with reference to the load current 
in one phase, and lagging with reference to the other. Thus 
the total displacement of the two currents is the sum of the two 
magnetizing currents. In the case represented by the diagram 
for starting, the sum of the magnetizing current of the converter 
is 10.2 amperes. Hence, the deviation from quarter-phase rcla- 


— | 10.2 5 ед 
tion is the sine ratio of 31 8 7 18.5 deg. The cosine of this is 
0.95, or the same as has been found experimentally and as indi- 
cated on the diagram. The correctness of this theory has also 
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been checked by direct measurements of torque with true 
quarter-phase current and with current furnished by the phase 
. converter. 

It should be observed that, although the decrease of starting 
torque of 5 per cent is for practical purposes inappreciable, the 
difference would be much smaller with a phase converter of such 
proportions as would actually be used, that is, of a high speed 
having a comparatively small magnetizing current. Assuming, 
for instance, that the magnetizing current relative to the output 
were one-half of what it was in the experimental tests, the cor- 
rection of the starting torque would be 1.25 per cent instead of 
5 per cent; in other words, quite negligible. 
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Fic. 6.—Characteristic curves—connection as per Fig. 3 


Fig. 6 and Fig. 7 show the characteristic curve for the full 
speed running condition with interpolated voltages of 60 per cent 
and 100 per cent respectively. The curve for the power factor 
is calculated by the method described and the points found by 
measurement, indicated beside the curve, show the agreement of 
theory and measurements. The decrease of torque due to phase 
displacement depends entirely upon the magnetizing current of 
the converter, and 1s figured in the same way as forstarting. It 
should only be observed that the correction must be made 
in Watts input as well as output, whereas for starting, the cor- 
rection applics only to output, the balance being wasted in the 
secondary starting resistance. | 
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WEIGHT AND SIZE ESTIMATE FOR PRACTICAL PURPOSES 


The tests previously referred to, which were made on two 
small 60-cycle motors, were undertaken to demonstrate the 
principle and confirm the theory and methods for calculations, 
whereas, the quantitative data derived from such tests would 
have no bearing on the conditions that would exist if the same 
were undertaken on a larger scale. The value of the system for 
practical purposes can be demonstrated only by showing the 
proportions of apparatus such as would actually be used. The 
system appears particularly to advantage when one phase con- 
verter can be used to furnish power to an aggregate of several 


AMPERES LINE 
Fic. 7.—Characteristic curves—connections as per Fig. 3 


motors. For this purpose designs have been made of a phase 
converter of a capacity corresponding to 1,600 motor h.p. 

In the first place, the relative proportions will be worth some 
consideration on general principles. Inasmuch as the energy of 
one of the phases of the driving motor is supplied by the line, 
the output of the converter must be substantially one-half of the 
polyphase capacity of the motor. In the tests described above 
this was the case, for the machines were of the same size, differing 
only, as stated, in winding of the armature. If it were proposed 
for operating conditions to use a phase converter with costs and 
weight the same as the main motors, the system would scarcely 
be acceptable. However, with the type of machines which 
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would actually be used, it appears that the weight of the phase 
converter is only from one-third to one-quarter of the aggregate 
weight of the driving motors. The converter being a machine 
running light on its shaft without carrying any mechanical load, 
can be designed for the most economical speed, and it appears 
that this would be a peripheral speed which is twice as high as 
the peripheral speed of the motor. Furthermore, the weight per 
kilowatt is reduced because a single machine is used to serve an 
aggregate of several motors. Гог these reasons it 15 fair to as- 
sume that the active material in the phase converter is used at 
least twice as efficiently as the active material in the motors. 
The ratio between active material and total weight also favors 
the converter. In the motors, the ratio between active material 
and total weight 15 30 per cent to 35 per cent, whercas in the 
phase converter that has been designed for corresponding pur-: 
poses the ratio is 56 per cent. Оп the basis of these general 
considerations, it appears that the weight of the phase converter 
would be about 30 per cent of the aggregate weight of the motor. 
As an illustration of this a detailed design for a typical case 
shows a still more favorable ratio of 26.5 per cent. 

Considering the electrical equipment as a unit there are some 
gains which partly offset the additional weight of the phase 
converter. With three-phase power the motors must be supplied 
from a three phase transformer, whereas, if single-phase power 
and a phase converter is used, the three-phase transformer can 
be substituted by a single-phase transformer. The weight of a 
single-phase transformer 1s about two-thirds of the corresponding 
three-phase transformer, and the difference covers an appreciable 
part of the weight of the converter. Altogether it can be 
estimated that the total incrcase in weight of the electrical 
equipment for single-phase power will be 15 per cent over the 
corresponding polyphase equipment with the same output апа 
starting torque. 

А comparison of the phase converter with a motor-generator 
set of corresponding capacity gives another illustration of the 
merits of the svstem. The single-phase capacity of the con- 
verter corresponds to the input of one phase of the motor, or 
one-half of the total output, whereas, the single-phase motor 
for a motor-generator set must have the full capacity of the equip- 
ment. Thus, the total aggregate capacity of the motors and 
generators for the motor-generator sets is four times as many 
kilowatts as the phase converter for the same power in the driving 
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motors. On general principles it should, therefore, be expected 
that the weight of the motor-generator set would be four times 
as great as the weight of the phase converter. The figures 
available for the case under considcration indicate that the ratio 
would be even a little higher, or about 4.5 times, because the 
phase converter is favored by the very simple squirrel cage 
construction. 

The converter being of the high-speed type designed for тпахі- 
mum efficiency of the material, it will also have a high electrical 
efficiency. The estimated efficiency in the instance given is 
between 96 per cent and 97 per cent. The wattless current 
absorbed by the converter is also correspondingly small, and 
the power factor of the combination can be expected to be con- 
siderably higher than the one shown in the tests described, par- 
ticularly when 25 cycles are used instead of 60 cycles. The 
efficiency of the converter indicated above is an inherent charac- 
teristic of the machine, whereas, the exact figures for power 
factor can be given only in combination with the particular 
motors that may be used. 

In all that has been said and written about systems for power 
distribution, the expression “ single-phase " has invariably been 
associated with commutator motors. It might, therefore, throw 
some more light upon the subject to consider that the possi- 
bilities of the induction motor for single-phase power are far 
from exhausted, although they have for a number of years been 
almost neglected or disregarded. Realizing that polyphase 
induction motors are by far the most economical form of power 
equipment, and that an addition of 15 per cent to the weight 
of the electrical equipment will adapt the same for single-phase 
power with the same output and starting torque, the subject 
might be reopened for serious consideration. 
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COST OF TRANSFORMER LOSSES 


BY E. C. STONE AND R. W. ATKINSON 


The following paper is an investigation of the losses produced 
in a system by the distributing transformers, with a view to 
determining the cost to the central station of supplying these 
losses. Тһе cost of the losses occurring in a transformer is of 
the same order of magnitude as the cost of the transformer itself 
and should, therefore, receive the same amount of considera- 
«tion. If a transformer had a perfect magnetic (iron) circuit 
and a perfect electric (copper) circuit, no losses would be pro- 
duced if it were placed on a system. Hence the losses which do 
actually occur come into two general divisions, viz.: (1) Losses 
due to imperfect iron, and (2) Losses due to imperfect copper. 

The expense involved may be divided as follows: 


1. Elements due to imperfect iron. 
(а) Iron loss, involving: 
(А) Consumption of energy in transformer. 
(B) Station and line capacity to take care of such energy. 
(b) Magnetizing current, involving: 
(A) Copper loss in generator and line. 
(B) Generator and line capacity to take care of this 
magnetizing current. 
2. Elements due to imperfect copper. 
(a) Copper loss, involving: 
(A) Consumption of energy in transformer. 
(B) Station and line capacity to take care of such energy. 
(b) Fluctuating secondary voltage, causing shortening of life of 
lamps, and perhaps dissatisfaction to consumers. 


А great many factors enter into the problem, the value of 
which can be determined only roughly, hence the absolute result 
can be only approximate. However, the approximations are of 

NOTE:— This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 


the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as 1f presented at the mecting. 
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such a nature as to permit of sufficiently accurate selection of the 
most economical transformer for a given service, from a group 
of transformers having different performances. 

Furthermore, the effect of the losses upon the active material 
in a transformer, will be taken up in a general way, merely to 
give an idea as to the limitation of the designer with respect to 
the variation of these losses. Transformers are designed and 
will be designed and sold to mect the demand, regardless of the 
cause of the demand. If the operating man specifies a given 
performance, he will get bids on that performance, though 
perhaps at prohibitive prices. If he is prepared to accept dif- 
ferent performances, knowing exactly what is their relative 
worth to him, he is in a position to obtain that which will ensure 

„him the greatest ultimate economy, and is able to compare the 
value of transformers from different manufacturers, different 
types from one manufacturer and, of not the least importance, 
different sizes of one type. 

It wil be assumed in this discussion that all the elements of 
cost of power supplied to a customer are known, the commercial 
problems of rate-making being, of course, entirely eliminated. 
Only the special problems of the cost of the losses will be con- 
sidered. 

The cost of power is ordinarily divided into three parts: 

1. Output charge, consisting of all elements of cost propor- 
tional to kilowatt-hour output. 

2. Capacity or capital charge, consisting of all elements pro- 
portional to the kilowatt capacity of the station. 

3. Fixed charge consisting of all elements independent of both 
output and capacity. 

The last of these, part of which is often called the ‘ customer 
charge " is not affected by transformer losses and requires no 
further consideration. The cost of the losses is, with certain 
exceptions, which will be explained later, the same as the whole- 
sale cost of power. The “ diversity factor " will be mentioned, 
in its effect on the copper loss of the transformer. The special 
problems introduced are the effect of the magnetizing current 
associated with the iron loss and the regulation due to the copper 
loss. i 

The cost of the iron loss of the transformer will include the 
cost of generating such loss and of supplying the station ca- 
pacity with which to generate it. It will also include the cost of 
transmitting the energy consumed by the loss, from the station 
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to the transformer. Iron loss introduces certain peculiar con- 
ditions due to the fact that it requires a continuous supply of 
energy at a power factor very much lower than that of any other 
part of the load. The power factor of transformer exciting 
current varies from 10 to 40 per cent. This means that engine 
and generator capacity much larger than the total iron loss must 
be kept in service all the time. Energy at 30 per cent power 
factor requires twice as much generator capacity as energy at 
70 per cent power factor and three times as much as at 100 per 
cent power factor. With full kilovolt-ampere load at such low 
power factor, the losses in the generator become, of course, a 
much larger part of the energy output. Suppose that during the 
day, one engine and generator carrying full kilovolt-ampere load 
and having 15 per cent engine friction and generator losses, takes 
care, at times of light load, of transformer exciting current having, 
a power factor of 20 per cent. At full kilovolt-ampere load, the 
energy generated is 20 per cent, and the loss 15 per cent. Hence 
the loss which the exciting current produces in the gencrator 
and engine is in this case 15/20 of 75 per cent of the iron loss 
itself. If the power factor of the exciting current had been 
100 per cent, the generator would have taken care of four times 
the energy and the loss would have been only 15 per cent instead 
of 75 per cent. Likewise, the loss in the line due to the large 
wattless current becomes a larger percentage of the power. | 

Furthermore, the greater the exciting current, that is the 
lower the power factor for a given iron loss, the greater is the 
total current at the peak of the load, and hence the greater must 
be the station and line capacity to take care of the peak. It 
should be distinctly understood that low power factor of ex- 
citing current is not in itself objectionable. For example, sup- 
pose that with a constant value of exciting current, the iron loss 
is reduced. It is evident that the improvement of the trans- 
former has resulted in a lower power factor. It is important, 
when considering magnetizing current, if the power factor be 
considered, that it be considered only in connection with the 
core loss. It is ordinarily much simpler and more precise to 
make no mention of power factor, but only of magnetizing volt- 
amperes. 

The copper losses in station and line produced by the exciting 
current are, of course, continuous but they are not constant for 
they depend on the magnitude, power factor and wave form of 
the exciting current, and upon the magnitude and power factor 
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of the load. The increase of copper loss caused by the funda- 
mental component of the exciting current depends upon the 
magnitude of the line current. That part of the exciting cur- 
rent made up of harmonics produces a constant copper loss 
regardless of the amount of line current. Sce Fig. 1. 

Since magnetizing current increases the line current and con- 
tinues all day, and therefore at the peak, it necessitates an in- 
crease in line and station capacity to take care of it. At the 
station, the increase of capacity will be only in the electrical 
end, since obviously, wattless current does not affect engines 
and boilers. 


COST ОҒ MAGNETISING CURRENT - < OF COST OF IRON LOSS 


SCALE 1 10 20 30 40 50 60 70 80 
AVERAGE WATTLESS COMPONENT OF LOAD” Я OF FULL LOAD LINE СУЯЗЕМТ 
SCALE 2 5 10 15 20 25 


MAGNE TISING CURRENT- 4 OF FULL LOAD TRANSFORMER CURRENT 


Fic. 1.— Cost of magnetizing current 


(a) Cost of 5 per cent magnetizing current for various wattless components of load current 
(b) Cost of various magnetizing currents—wattless component of load =0 


We must next consider copper loss. Several new elements 
enter here, such as duration of load, relation between station 
capacity and connected transformer capacity, and effect of 
regulation. 

A transformer is loaded only part of the time, hence, the copper 
loss is not continuous, so that а kilowatt-vear of copper loss 
costs less than a kilowatt-year of iron loss, which is continuous. 
The load will vary from 0 to 14 or 15 times the transformer 
rating—or may be even greater for short periods. For calcula- 
tions, the load per day should be reduced to an equivalent num- 
ber of hours of full load, on the basis of square root of mean 
square current. 
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Since not all transformers are on full load at the same time, 
it will require somewhat less than a kilowatt of station capacity 
to take care of a kilowatt of peak load transformer copper loss. 
The ratio varies with the nature of the load and also with the 
number of separate installations on each transformer. If there 
were only one installation per transformer, it would be the same 
as the so-called ‘ diversity factor." As the number of customers 
on a single unit 16 increased, the peaks tend more and more to 
occur at different times and the ratio of station capacity to 
connected transformer capacity increases. The opposite ex- 
treme to one installation per transformer would be where there 
would be only one transformer on the system in which case 
station and transformer capacity would be equal. It may be 
assumed that 


Station capacity required _ peak station capacity 
rated transformer copperloss connected transformer capacity 


both transformer copper loss and capacity being based on full 
load rating. Тһе annual charge against copper loss will, there- 
fore, be the capital charge, as previously explained, multiplied 
by this ratio. 

Transformer regulation cannot be considered entirely apart 
from the regulation of the secondary net-work. The following 
general discussion applies whether the regulation considered 
is entirely or in part due to the transformer. 

The variation of voltage due to regulation causes irregularity 
in the amount of light and may be a cause of '' flicker ", hence 
must be kept within reasonable limits іп order to satisfy the 
customer. If the regulation should become great enough to 
cause noticeable fluctuations in the light, it might outweigh all 
other considerations in importance. 

The effect of the introduction of tungsten lamps may be 
noted. А given change of voltage with tungsten lamps, causes 
less than two-thirds the change in candle-power that would be 
produced іп carbon lamps, so that the tungsten lamp will stand 
more than 50 per cent greater regulation without causing greater 
change in candle-power or more unsatisfactory service. It is a 
peculiarity of tungsten lamps, moreover, that they do not 
change in quality of light as does the carbon lamp when voltage 
is lowered, hence it is quite probable that a considerably greater 
regulation than above indicated would be permissible on tung- 
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sten lamps without causing dissatisfaction. A common standard 
on direct-current circuits is a maximum of 2 per cent regulation 
for carbon lamps. The same standard of service could be met 
with tungsten lamps on 3 per cent or possibly higher regulation. 
Ordinarily the standard is lower on alternating-current circuits, 
and the allowable regulation would be increased as before for 
tungsten lamps. This question of customer's satisfaction is an 
exceedingly important one, and іп those cases, where regulation 
causes or may cause a noticeable flicker, it cannot be ignored. 
If an incandescent lamp is operated on a fluctuating voltage, 
the cost of a given amount of light will be greater than if it is 


COST- PER 1000 


40 80 20 100 110 120 130 
WATTS PER CANDLE POWER-PER CENT 


Fic. 2.—Cost curves for carbon lamps 


(a) Cost of energy 
(b) Cost of renewals 
(c) Total cost 


operated on a constant voltage having the same value as the 
mean of the fluctuating voltage. That is, the life of the lamp is 
shortened so that the cost of renewals becomes greater, and this 
increase 1n cost varies as the square of the regulation. Two per 
cent fluctuation in voltage (2 per cent regulation) will produce 
about 0.6 per cent increase in cost of renewals of carbon lamps 
or about 0.3 per cent for tungsten lamps. Except when the 
regulation 1s quite low, this is of considerable importance in com- 
parison with the copper loss of the transformer. A more com- 
plete discussion of this subject appears in the appendix. (See 
Fig. 2.) 
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It has been said that regulation reduces the voltage upon 
the load, and therefore, causes a direct loss of revenue by reducing 
the power sold. Under ordinary commercial operation, regula- 
tion causes not a lower voltage, but a fluctuating voltage. There 
is some voltage which the central station operator desires to 
maintain at the customer’s outlet. If it is possible to maintain 
this аѕ а constant voltage, provided there is no transformer regu- 
lation, then it is obviously just as possible to maintain it as a 
mean voltage when there is transformer regulation. To make 
the most desirable voltage the mean rather than the maximum 
—which is attained only at no-load—is evidently the more 
economical arrangement. Is it the custom of progressive central 
stations to regulate their systems so that the really desirable 
voltage is reached only when there is no load connected? If 
the mean voltage with transformer regulation is maintained at 
the same value as the constant voltage without regulation, the 
power delivered to customers must be the same in both cases, 
hence there can be no loss of revenue (power sold) due to regula- 
tion. 

The losses and their effect on the amount of active material 
required are interesting. Suppose, as an illustration, the voltage 
of a transformer to be changed, while the kilovolt-ampere out- 


put is kept constant. The copper loss will then vary inversely as 
2 


the (iron loss)? , where a is the exponent of the iron loss curve, 
and is about 1.9 in modern distributing transformers. This 
means that by increasing the iron loss one per cent, the copper 


loss is reduced in the ratio is or 1.05 percent. For example, 


if the copper loss is twice as great as the iron loss, to reduce 
the iron loss one watt will increase the copper loss approxi- 
mately two watts. 

In modern transformers, however, the limits of the active 
materials are such that to change materially the ratio of the 
losses would require distortion of the design, so that with a given 
amount of material, to reduce greatly either loss at normal rating 
would require a much larger increase in the other loss than 
indicated above. The most efficient shape does not depend upon 
the ratio of losses except when it must be distorted for the above 
reasons. In transformers of different voltage ratings and sizes, 
the relative dimensions, unless distorted as explained above, vary 
only with space occupied by insulation and relative price of 
copper and iron. 
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With the quality of iron at present used in distributing trans- 
formers, to decrease the copper loss 1 per cent requires about 
1.6 per cent increase in the active material; to decrease the iron 
loss one per cent requires 1.7 per cent increase; and thus to 
decrease both losses one per cent requires about 3.3 per cent 
increase in the cost of the active material. 

The above relations are true only when the relative space 
available for copper is constant, that is, the space-factor, is 
constant. Since the space-factor is improved by increasing the 
size, neither the additional material required to decrease the 
losses nor the reduction of material attained by increasing the 
losses, is always as great as would appear from the above state- 
ments, more especially in the small sizes. At all outputs, the 
question of density comes in, if the size 15 to be reduced, and 
makes it possible to go only a very short distance in that direc- 
tion. There is no limit except cost to the reduction of losses. 

It will be of interest to show why the loss and amount of ma- 
terial per kilowatt are less for large capacity. Suppose cach 
dimension of a given transformer be multiplied by two. The 
amount of material will then be multiplied by 2Х2Х2 or 8. 
If the turns, flux density and current density are kept constant, 
the losses are also multiplied by 8. Тһе cross-section of copper 
and iron will each be multiplied by 2X2 or 4; hence the current and 
voltage will cach be multiplied by 4, and the output by 4X4 or 16. 
From these relations, it will be seen that both the loss per kilo- 
watt (per cent loss) and active material per kilowatt have been 
divided by 2. In many cases, the gain 1s much greater than this, 
duc to the improved space-factor in the larger sizes. 

The problem to be considered in selecting a transformer for 
a given service 1s two-fold: 

1. The transformer should be operated with the ratio of 
copper to iron loss such that the total cost of the loss is a mini- 
mum. | * 

2. The total cost, taking into consideration the first cost of 
transformer and the cost of the losses, should be a minimum. 

The operator has a certain degree of freedom, inasmuch as 
there are standard lines of transformers on the market, having 
different rated primarv voltages, for example, 2200 and 2400 volts. 
He also has a certain degree of freedom as regards the size of the 
transformer. First the transformer must be large enough 
to carry its load without overheating. Next it must come 
as near as possible to satisfying the minimum cost conditions 


1911) COST ОЕ TRANS FORMER LOSSES 1265 


given above. The effect of the ratio of losses can best be seen, 
as mentioned before, by maintaining the kilowatt load on a 
given transformer constant, and varying the voltage and current. 
In this way, any desired ratio of losses may be obtained, ac- 
cording to the relations given above. The curve thus ob- 
tained is shown іп Fig. 3. As the ratio of losses increases, 
the copper loss increases much faster than the iron loss de- 
creases, hence the ultimate temperature rise must increase also, 
but since the transformer with larger ratio 1s required only for a 
load of short duration, the maximum rise in that case may not 
be excessive. Fig. 4 shows the cost of losses for a typical case 
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Fic. 3.—2200/220 volts 60 cycle 5 kv-a. transformer. Output constant 
Voltage varies 
(a) Copper loss and regulation 
(b) Iron loss 


under the conditions when ratio of copper loss to iron loss 15 
varied from 1 to 4.6. Тһе lower curve is cost of iron loss and 
copper loss alone. 

The upper curve, Fig. 4, includes the effect of magnetizing 
current and loss due to regulation, thus giving the total cost 
of all losses caused by the transformer. It will be seen that here 
the minimum total loss occurs at a larger ratio of copper to iron 
loss and that the increase in cost is greater as we depart from 
the best ratio. This 15 caused by the high exponent of the satura- 
tion curve of the iron which causes the magnetizing current to 
increase much faster than the iron loss. 
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The total cost of a transformer performing a given service 
depends upon the amount which must be paid for the losses 
during the life of the transformer and upon the price paid for 
the transformer itself. The smaller the transformer, the greater 
the cost of the losses and the less the price paid for the trans- 
former and vice versa. In considering losses and price paid for 
transformer together, the losses may be most conveniently 
represented as a capital cost by dividing their annual cost by the 
interest and depreciation factor. The result would be the 
amount which would be required at the time of installation of 
the transformer to pay for the losses during the whole life of the 
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Fic. 4.—Cost of losses 


(a) Cost of iron, and copper loss 
(6) Cost of all losses including magnetizing current and regulation 


transformer, and may be added dircctly to the first cost in order 
to determine the total cost of transformer and losses. | 

For determining the proper capacity of transformer to be 
used, the use of recording ammeters in the secondary circuits 
of transformers is well worth while, because of the large saving 
effected by adaption of the transformer to its load, which is thus 
made possible. In general, it will be found that transformers 
will operate most successfully—losses and first cost considered— 
when run at their limiting temperature rise. This will mean a 
small transformer at overload for short-hour load, hence a high 
ratio of copper to iron loss and small first cost—these being 
conditions demanded by loads of short duration. Тһе im- 
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portance of using a transformer of proper capacity for a given 
load is emphasized. The reduction in cost of losses gained by 
using a transformer which is too large is not nearly so great as is 
the increase in first cost. 

It may seem from some of the foregoing that the designer is 
free to vary at will the losses of the transformer, decreasing one 
at the expense of the other or materially at the expense of the 
transformer, according to the curves given. This would be 
approximately true if one were considering the initial design of 
a standard line of transformers. In this case, the theoretical 
efficiency of design may be reached, since it is possible to 
gain full benefit of all such items as special sizes of copper strap, 
punchings, etc. Otherwise, there would be waste space which 15, 
of course, expensive. In the case of special transformers made 
in smaller quantities, these items and also the increased propor- 
tion of such items as time of engineers, foremen, and inspectors, 
cause such an increase in cost that 1t 15 not possible actually to 
reach the theoretical curve shown. The true practical condi- 
tion would be represented by a curve of the form of thé dotted 
опе in Fig. 4. Тһе theoretical efficiency will, in general, be 
reached only on the “ standard lines ”. In the case of “ specials" 
the departure will be more or less great, depending upon par- 
ticular conditions. Hence, while general laws may readily be 
stated as regards the cost of losses from the standpoint of design, 
yet it cannot be said that any particular desired performance can 
be obtained іп accordance with these curves. 

The method of selecting transformers used by the Government 
seems the most logical. A certain performance is specified, 
and it is also stated that іп comparing transformers of dif- 
ferent performances, the iron loss will be evaluated at 88 cents 
per watt and copper loss at 11 cents per watt. (See Bureau 
of Standards Bulletin ‘ Specifications for Distributing Trans- 
formers.") It would seem quite practical for any purchaser 
to evaluate the losses similarly, using figures corresponding to 
his own conditions. Were there a general definite idea of the 
cost of the losses, the standard design would soon be such as to 
give the minimum total cost of losses and of transformers. 


SUMMARY 
We have shown (1) a general method of determining the cost 
of the transformer losses. The cost of energy, the capacity 
charge, the line loss and the line cost of any part of the system 
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are known very closely. The losses, magnetizing current and 
heating of the transformer are determined by test as soon as 
the transformer 15 received, or perhaps from maker’s guarantees. 
The copper loss has a less cost than the iron loss, due to the re- 
duction in output charge because of its short duration, and also 
has а shghtly less capital cost due to its “ diversity factor." 
The cost of magnetizing current 1s shown to be of considerable 
importance in many cases. This is the most variable factor 
entering into the cost of the losses. The cost of the regulation 
associated with the copper loss is due, not to any reduction of 
power sold, but to customer’s satisfaction or dissatisfaction and 
to the effect of the varying voltage upon the performance of the 
lamps. If the total cost of all losses due to the transformer is 
100 per cent, the various elements will be approximately as 
follows: 


Ітоп 1055.......................40 per cent to 70 per cent 
Magnetizing current............ 1 per cent to 30 per cent 
Copper 1озз....................30 per cent to 50 per cent 
Regulation loss................. 1 per cent to 10 per cent 


(2) A discussion has been given showing the general relation 
of the cost of the losses to the amount of material in the trans- 
former. It has been found that for a given amount of material, 
as the ratio of the losses 15 varied, the copper loss of the trans- 
former increases faster than the iron loss decreases, thus making 
the total loss larger, the larger the ratio of the losses. Тһе 
amount of material in the transformer increases faster than the 
losses are decreased, when the losses are varicd by varving the 
size of the transformer. For lighting transformers, the amount 
of active material varies inversely as more than the third power 
of the loss. 

(3) In general, in order to obtain minimum operating costs, 
transformers of the present standard performances should be 
used on a load which will bring them to their maximum safe 
temperature rise. 

(4) In the appendix, will be found a development of formule 
for the numerical determination of the cost of transformer losses; 
also a special case, worked out in dctail with values so chosen as 
to give, as near as possible, typical results. 

We wish to extend our thanks to the Allegheny County Light 
Co., Rochester Railway and Light Co., the Westinghouse 
Companies, and the National Electric Lamp Association for 
valuable assistance in the preparation of this paper. 
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APPENDIX 


I. Cost oF Іком Loss 
Let сі--сові of energy рег kw-hr., in dollars. 
C,-capacity charge per kilowatt of station and lines 


(not including secondary net-work) in dollars per 
year. 


10 = үаїїѕ iron loss in transformer. 


Then, since the iron loss occurs 24 X 365 = 8760 hours per year, 
the total cost of the iron loss for a year is: 


ne (8760 с. +С) dollars (1) 


II. Cost ОЕ MAGNETIZING CURRENT 
E=line voltage. ; 
I = line current. 
а = power component of line current, expressed as a fraction 
of the line current, that is, power-factor. 


b — wattless component of line current expressed as a fraction 
of the line current. 


t= magnetizing component of transformer exciting current, 
expressed as a fraction of the line current. 
ft being that part at fundamental frequency. 
ht being that part made up of harmonics. 
Ё —line loss expressed as a fraction of full load volt-amperes. 
(If the line loss is given in terms of power output, this ^ 
value must be divided by the power factor to get Ё). 


The line loss before the transformer is put on is 
Е (1) EI-k(a?*--bP) EI (2) 


After the transformer is on, the line loss becomes 


Е, ЕТ (3) 


ОГ 


k (a?+be4+2bft+fi+ht) EI (4) 


The increase in line loss is then 


k(2bft+fi+ht) EI=k(2bft+2) EI (5) and (6) 
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If M=magnetizing component of exciting current in volt- 


—— ee transformer magnetizing current _ M_ 
eed line current ЕІ. 
ала К M (2 b f+#) = тсгеазе in line loss. (7) 


ж 


The increase in current is proportional to k М (2 [+ 4) 


If b is the average wattless component of the line current per 
day, this expression will give the average loss caused by the 
exciting current during the day. 

Because of the transformer magnetizing current, the total 
amount of the peak load is increased, and the line should, there- 
fore, be increased. As a sufficiently close approximation, the 
line capacity may be assumed to be increased in proportion to 
the ratio of average increase in current to the rated capacity of 
the line. Hence, the line loss is increased only in direct propor- 
tion to the increase in current. We may then say: 


Line loss due to magnetizing current =k M (? f+ +) watts. (9) 


Cost of line loss due to magnetizing current 


kM і 
= 1000 (2 i++) X c1 dollars. 


(10) 
м (2+2) 
The increased capacity of line will Бе — 1000 kv-a. (11) 
The increased cost of line will be 
M (? f+ 4) 
7100000 Xcost рег Ку-а. of line capacity. (12) 


NOTE:— This is only that part of line between transformer and 
station and only the portion, the cost of which increases with the 
kilovolt-ampere load. 

If А, —engine friction and generator loss, іп terms of full load 
kv-a. and 0, the average all day wattless component of total sta- 


tion load, the increase of copper,loss =; M b, E watts 


€— 1 
*When x is small V/1 +==1+7. 


1911] COST OF TRANSFORMER LOSSES 1271 


The cost of increased station capacity will be: 

M 

1000 

The total cost of magnetizing current will therefore be 
In the line 


Q f +) annual cost рег kv-a. of generator capacity. 


M (2 gat 4) ЖАК” of line per kv-a.) (13) 
In the station 


м(ь, Гав ze Х8760 c;-Fannual о generator рег kv-a. (44) 


Cost ОЕ CoPPER Loss 
сі, C,=cost of energy and station capacity as in cost of iron 
loss. 
peak station capacity 


— connected transformer capacity 


h=hours of day at full load (in case of load not being uni- 
form during use of transformer, h is the number of 
hours which would be required at full load to give the 
same copper loss as the load actually existing.) 
W, = copper loss of transformer. 


Total cost of copper loss per year = (365 h c1-4- D C) dollars. 


ino 


EFFECT OF VARYING VOLTAGE ON COST OF LAMPS 


The characteristics of carbon and tungsten lamps are approxi- 
mately as follows: 


Carbon Tungsten* 
lamps lamps 
1 21: 14-0 
life. (renewals) varies ав............... pt E 
Candle power, - Ue crue EN s i: E pe 
Watts, MEM CPP Е? pi 
1 " 
— Fe S EE E ore | Еті 
watts per c.p. 
Life 2 ИНЕ watts y" NM watts y 
candle power candle ond er 
- | А | e M es 
“Бог drawn wire lamps, .— varies as Е! 


life 
The above figures for tungsten lamps were given by the National 
Electric Lamp Association. 
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Using these relations, curves of cost of energy and cost of 
renewals may be plotted against voltage, or what amounts to 
the same thing, watts per candle-power. This has been done 
for carbon lamps in Fig. 2. The total cost of the light will then 
be the sum of the two curves. It will be seen at once that the 
lowest point of this resultant curve gives the watts per c.p. 
at which the total cost will be a minimum. If instead of oper- 
ating constantly at this efficiency, suppose that a lamp 1s oper- 
ated half the time at 10 per cent lower watts per c.p. and half the 
time at 10 per cent higher watts per c.p. Тһе cost of energy is 
not increased, since the energy cost curve is a straight line, 
but the cost of renewals is increased by the amount с” d', 
and the total cost by the amount cd, or about 4 per cent. 
If instead of operating one-half the time at each extreme voltage, 
the voltage has varied uniformly, the increase in cost of renewals 
would have been but 3 as great. 


Cost OF REGULATION 


The increase in cost of lamp renewals due to variation in 
voltage can be expressed as a function of the variation, and of 
the copper loss of the transformer. 

Suppose life varies as (watts per c.p.)¢ and Е? varies as 


1 


watts рег с.р. 
Then 1 per cent variation of voltage will cause an increase іп 
the cost of renewals equal to 


а(а-1) 


8 Х0.01 per cent (15) 


их 


of the cost at normal steady voltage, or if the variation 1s uniform 
from 2 per cent above to $ per cent below the average, the іп- 


creased cost 1S 


a—1) 


уа ( 
b x 24 


X0.01 per cent (16) 


The increased cost depends оп the square of the voltage varia- 
tion, and hence 1s four times the above value for 2 per cent change 
in voltage. In figuring a specific case, it should be remembered 
that maximum regulation must be used, that 15, the regulation 
at the heaviest overload that the transformer frequently carries. 
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Let r=approximate cost, in cents, of renewals рег 1000 lamp 
hours. 
p=energy consumed рег 1000 lamp hours, in kilowatts 
x —increase in cost of renewals for 1 per cent regulation 
expressed in terms of r. 
L=the increase in cost, in cents, of renewals рег kw-hr. 
of transformer copper loss, for 1 per cent regulation. 
L x Xr (17) 
Р 
for 1 per cent regulation, and varies as the square of the regula- 
tion. 
For 50-watt, 16-c.p. carbon lamps, 


_ 0.0016 x 0.35 


L 0 — =().11 cents 


For 25-watt tungsten lamps at present prices, L=0.20, and 
for 60-watt tungsten lamps, С =0.12 cents. 


Let R=regulation at maximum overload at which trans- 
former is operated. 
W.-copper loss. 
А = hours per day at full load, as in copper loss. 


Ср —cost of regulation in cents =L RX365 hX totg (18) 


TOTAL COST ок TRANSFORMER LOSSES FOR A SPECIAL CASE 


Assume cost of energy, c,=$0.0075 per kw-hr. 
Capacity charge С. = $30.00 per kw-hr. рег year. 
($20.00 for station) 
($10.00 for line) 


Assume a 5-kw. transformer with an iron loss of 45 watts, a 
copper loss of 93 watts at full load, and magnetizing current 
of 2 per cent. 

Then W,=45 watts, W.=93 watts, М =100 volt-amperes. 


45 


1000 (8760 0.0075 +30) 


From formula (1), cost of iron loss = 


= $4.31. 
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Cost OF MAGNETIZING CURRENT 
М =100 volt amperes 


Suppose that cost of line=$10.00 per kw. 
Cost of station (electrical equipment) = $10.00 per kw. 


k=0.10, 5=6, =0.20, 2, =0.12, f =0.85, 
Substituting in formula (2), cost of the magnetizing current 


in the line= 
y (0.108760 0.0075+ 10.00) 


5 = 
100 (0.20 x0.85+0.01 1000 50.30 
Cost of magnetizing current at the station = 
100 (0.20%0.85 +0.01) O42 *S700% 0 OTF 10.00) = $0,32 


Total cost of magnetizing current = $0.62. 
It will be seen, then, that in this case, the magnetizing current 
costs 14.5 per cent as much as the iron loss itself. 


COPPER Loss 
И. =93 

Suppose that D=0.8, h=4, maximum frequent overload 
=33 per cent, сі, Сі, as before. 

Total cost= 9 (365 X 4 X 0.0075 +0.8 х 30.00) = $3.26. 

CosT OF REGULATION | 

The regulation at full load 15 very close to the per cent copper 
loss or 1.86 per cent. At overload, it is 1.33 Х1.86 or 2.48 per 
cent. 

Assume L=0.11. 

Then the cost of regulation by formula (18) =0.11 0.0248 


365 X4 
93 ————— = $0.37. 
^ 1000 5 

The total cost of losses is, therefore, 
Trom T0585 24 2 duc esta S ESTEE SE pan wes tke Ecol 
Alapgnetizihp current асау нале We Бове . 62 
E DI gr рае ооо EM nak eee dh Whack ооо 3.26 
Е о а тет fend e ote .37 
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Now if a 10 year life be assumed, with interest at 6 per cent, the 
interest and depreciation factor will be 13.8 per cent. Therefore, 


8.56 
0.138 

This is more than the first cost of the transformer, hence it 
will be seen that a saving of 10 per cent in the losses in this case 
would be of greater value than to obtain a reduction of 10 per 
cent in the price of the transformer.: 

Similarly, the operating cost of a transformer of the low effi- 
ciency type may be calculated: Assume 


the “ capital cost ” of the losses will be — $62.00. 


ITO. Тобына PN RUE ena e wid eire a acum SORA ge —62 watts 
Copper о а =93 “© 
Magnetizing ситтепб; 22224222222 eo wc eats = 10 per cent 


All other factors as before. 


Then cost of iron 1055............................ = $5.94 
Magnetizing саитгепі..............................- 8.78 
Copper loss............. = 3.26 
Regulation...... = .37 

$13.45 

13.45 
The ‘‘ capital cost ” = = $97.00. 
р 0.1387" 


If now the former transformer cost $60.00 and the latter 
$50.00, the total costs will be $122.00 and $147.00. 

The importance of the cost of the losses is quite evident. 

The cost per watt of iron loss or copper loss may be readily 
calculated. In these cases, the iron loss and magnetizing current 
costs from 80 cents to $1.10 per watt of iron loss; the copper loss 
and regulation costs 28 cents per watt of copper loss. 
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TENTATIVE SCHEME OF ORGANIZATION AND 
ADMINISTRATION, FOR A STATE UNIVERSITY 


—— 


BY RALPH D. MERSHON 


Some time ago the writer had occasion to look into the matter 
of the organization and conduct of universities, especially state 
universities, with a view to making some suggestions along these 
lines in connection with a state university. А search for printed 
matter bearing upon the subject seemed to indicate a scarcity 
of available information of a specific nature and most of such 
matter as was available bore upon certain phases, only, of the 
subject. It also seemed to indicate that there is considerable 
room for improvement in the present organization and ad- 
ministration of most, if not all, of the state universities. 

After studying such material as an ordinarily careful search re- 
vealed, I undertook to draw up a general scheme for the organiza- 
tion and conduct of a state university. Тһе result of my en- 
deavors, in its final form, 1s given below. It is limited to a state 
university for the reasons above outlined, since there are certain 
features in connection with a state institution of this sort which 
do not exist іп endowed universities and which render difficult, 
if not impossible, some of the methods applicable to the en- 
dowed institution. 

The object in presenting this scheme is to provoke such dis- 
cussion, and consequent elucidation of the subject, as will make 
it possible to draft a thoroughly workable organization scheme 
generally applicable to state universities. Such scheme, to be 
generally applicable, must be very general in its nature, dealing 
mainly, if not entirely, with fundamental matters, since each 
particular case will involve many conditions peculiar to itself 


NOTE:— This paper is to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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necessitating detailed development of the general scheme to fit 
local conditions. 

The scheme as presented herewith was prepared after dis- 
cussing the subject with several persons who have had to do 
with the organization and conduct of large public utility and 
industrial enterprises, but before any discussion had been had 
with anyone connected with university work. Since it was 
drawn up it has been submitted to university workers. Some 
_of their criticisms of it strike me as well grounded (espccially 
such as apply to portions of the scheme which for the sake of 
discussion I purposely made rather drastic), some as open to 
question, and some as of little weight. In spite of the fact that 
some of the criticisms appear to me fully pertinent I have con- 
cluded to present the scheme as originally drawn up that the 
objections to it may be brought out in open discussion. 


SCHEME OF ORGANIZATION 
ж ж ж ж ж ж ж. * * * * * 


The proposed scheme is shown іп the Diagram of Organization 
and Administration appended hereto. It will be more readily 
comprehended in connection with the following explanatory 
matter, which, however, does not attempt to go into minute 
detail, but merely to outline the more salient and important 
features. 

President. The President is to be the executive head of the 
university, and is to have the necessary authority to that end. 
Не 1s to be the representative and general executive of the board 
of trustees, in all university affairs, except as otherwise directed 
by the board, and it shall be his duty to enforce all the rules and 
regulations of the board and of the faculty. 

He shall have the right of veto of any action taken by the 
university faculty and of any action, except such as has to do with 
the budget, of the university council. But in case of the exercise 
of such veto power the faculty or council, as the case may be, 
may pass the matter involved over the president’s veto by a two- 
thirds vote of the full membership of the body in question. 
In case the matter is passed over the President's veto, he may, 
whether it be a matter which would regularly come before the 
board of trustees and the alumni advisory board for their 
approval or not, submit the matter to the board of trustees and 
the alumni advisory board, together with a statement of the 
situation and his recommendations against the action of the 
council or faculty. 
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The president's other duties and powers will appear more fully 
from what follows. 

Secretary. Тһе duties of the secretary shall be those usually 
pertaining to such an office, and more particularly as laid down 
in the ‘rules and regulations of the board of trustees ". Не 
shall be the financial officer of the university, shall be bursar 
of the university and shall through the purchasing agent make 
all purchases for the university. 

Treasurer. Тһе duties of the treasurer shall be those usually 
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Diagram of organization 
Solid lines indicate relations more or less directly subordinate; dotted lines indicate 


relations co-ordinate, or merely advisory, or both. Only the more important relations 
are shown. 


pertaining to such office, and more particularly as laid down 
in the '' rules and regulations of the board of trustees ”. 

University Faculty. The university faculty shall be the legis- 
lative body of the university in all matters relating to the con- 
duct and control of the student body. The university faculty 
shall be made up of the deans of the various colleges, preceptors 
of the various schools, preceptors of the various departments of 
instruction and all instructors of the university holding the rank 
of professor or associate professor. 

The president of the university shall be, ex officio, chairman 
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of the university faculty, and as such shall have no vote except 
in case of tie. 

University Council. The university council shall be made up 
of the deans of the various colleges of the university. 

In consultation with, and through the president, it shall be the 
executive body of the university. 

In consultation with the president, it shall be the coórdinating 
body of the university. 

The president shall be, ex officio, the chairman of the uni- 
versity council, and as such shall have no vote except in case of a 
tie. 

Alumni Advisory Board. Тһе Alumni advisory board shall 
consist of twenty alumni elected by the membership at large of 
the university alumni association. Four members of the 
board shall be elected cach year, so that after the board shall have 
been established five years the term of office of cach member 
shall be five years. 

In order to be eligible to the alumni advisory board, an in- 
dividual must be an alumnus of at least ten years’ standing, who 
has donc at least four years’ work at the university in the acquisi- 
tion of a degrce from the university, and who is a member of the 
university alumni association. 

The function of the alumni advisory board shall be to advise 
and, by its influence, aid the president, the board of trustees, 
the university council and the university faculty, in any and all 
matters pertaining to the welfare of theuniversity. 

No appointment to any position in connection with the 
university shall be made without the approval of the alumni 
advisory board. | 

Тһе alumni advisory board shall from time to time, through 
visiting committees appointed by it, investigate the various 
departments of the university for the purpose of determining 
their efficiency, and for aiding them, cither by suggestion or ad- 
vice, or by using its influence in the matter of financial or other 
aid. 

These visiting committees may or may not be limited in their 
membership to the members of the alumni advisory board. 
That is, the alumni advisory board may avail itsclf of the as- 
sistance of specialists in regard to any matters with which none 
of the members of the board are particularly conversant. 

Visiting committees shall report directly to the alumni ad- 
visory board. Тһе reports shall be disposed of in accordance 
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with the judgment of the alumni advisory board, whether they 
be made public, transmitted to the board of trustees, trans- 
mitted to the president or retained by the board without presenta- 
tion or action. Provided, however, that if any report be trans- 
mitted to the board of trustees there shall be transmitted, at the 
same time, a copy of the report to the president. And provided, 
that if a report be made public, one week prior to its being so 
made public there shall be transmitted a copy to the board of 
trustees and to the president. 

No member of the alumni advisory board shall at the same 
time be a member of the board of trustees, or be in any other 
way connected with the executive, financial or teaching staff 
of the university; or hold any office in the alumni association. 

Any vacancy occurring in the advisory board by death, resig- 
nation, or otherwise, shall be filled by the board until the next 
regular election of the alumni association; at which meeting, 
in addition to the members to be regularly elected, there shal] 
be elected a member to fill the remainder of the unexpired term. 
(See note in regard to alumni advisory board). 

Deans. The deans of the various colleges shall be appointed 
by the president, with the approval of the alumni advisory 
board, under confirmation by the board of trustees, and рге- 
sumably with the advice of the faculties of the respective col- 
leges. 

Each dean shall be responsible to the university council and 
the president for the conduct of his college. 

А dean shall hold office so long as the administration of his 
college is such as 1s productive of satisfactory results. 

A dcan may do as much or as httle teaching as he considers 
expedient. Such teaching as he does shall be confined to his own 
college. 

The dean shall, at the proper time, make up a budget for his 
colleye for presentation to the university council, after the man- 
ner hereinafter described under “ Budget ”. In making up the 
college budget, the dean shall consult with the preceptors of the 
various schools of his college and the preceptors of the various 
departments of his college, endeavoring to arrive at a budget 
which shall represent the consensus of opinion of the various 
preceptors and himself. | 

Where it 1s not possible to arrive at a unanimous agreement of 
the preceptors, together with the dean, relative to the budget, 
the dean shall submit the budget he recommends, together 
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with any exceptions to it which any of the preceptors of his 
college may desire to make as individuals or as a group. Such 
exception may take the form of the recommendation of an en- 
tirely different budget. 

College Faculties. The college faculties shall be made up of 
all the instructing force of the college above the grade of in- 
structor. Іп case of an individual giving instruction in more 
than one college, he shall be considered as a member of the 
faculty of that college to whose work thc greater portion of his 
time is devoted. If, however, it seems advisable that he should 
be a member of other college faculties as well, he may, if he so 
elects, serve upon such other college faculties if elected to them 
by the respective faculties in question. 

The college faculty shall have charge of all minor legislation 
relative to its own college not covered by the legislation of the 
university faculty. It shall, through its committees, coordinate 
the work of 115 various schools. 

Schools and Departments of Instruction. Тһе work of each 
college shall be grouped into one or more schools, at the head of 
cach of which shall be a preceptor, and into one or more de- 
partments, at the head of each of which shall be a preceptor. It 
may follow in some cases that the preceptor of a school will also 
be preceptor of a department. 

Superintendent of Property. The superintendent of property 
shall report directly to the president. He shall be responsible 
for the buildings, the grounds and the power and heating plants, 
through the superintendents of these various departments. 

Student Advisory Board. The student advisory board shall 
be made up of two seniors, two juniors and one sophomore, to 
be elected each vear by their respective classes. This board may, 
of its own initiative, bring matters directly to the attention of 
the president. It may, on request of the president, advise with 
the university council, the university faculty ог the alumni 
advisory board. It may not, of its own initiative, bring matters 
to the attention of any of these bodies. 

Budget. The president shall, near the end of cach vear, pre- 
pare and present to the board of trustees a budget based upon 
the estimated income of the university for the next year. This 
budget shall be made up as follows: 

The dean of each college shall prepare a budget, by con- 
sultation with the preceptors of his college, as provided under 
the head of ' dean ". The university council, consisting of the 
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deans, shall then meet and in conjunction with the president 
correlate, coordinate and adjust the budgets of the various deans 
to accord with the estimated income of the university, and with 
the university requirements other than those of an instructional 
nature. 

In case a unanimous agreement 1s arrived at, the result of the 
budget shall be transmitted to the board of trustees by the 
president as the budget of the university council and himself. 

If a unanimous agreement 1s not arrived at, the president shall 
transmit to the board of trustees, for action by the board, a ma- 
jority report, a minority report and his own recommendation, 
which may or may not agree with either the majority or minority, 
together with all the necessary papers, both those having to do 
more particularly with the deliberations of the university council 
and those having to do with the deliberations of the various 
college faculties. 

Amendments. Amendments to the scheme of organization 
and administration will preferably be instituted by the uni- 
versity faculty, with the approval of the alumni advisory board, 
and will be subject to confirmation by the board of trustees; but, 
however the amendments be instituted, thev shall not become 
effective unless approved by the alumni advisory board. 


NOTE IN REGARD TO ALUMNI ADVISORY BOARD 


It is contemplated that the alumni advisory board shall have 
no direct connection with the alumni association and shall per- 
form no function in connection with the association. 

The alumni advisory board will be clothed with a considerable 
amount of power which should be wisely and carcfully exercised 
as the result of the deliberations of, as nearly as possible, the 
fall board. For this reason, the membership of the board will 
preferably be drawn from those of the older alumni as have had 
wide experience, and who, previous to their election, shall have 
stated their ability and willingness to faithfully attend the 
meetings of the board. 

Failure of the board to act promptly might seriously hamper 
the conduct of the university. Іп order to insure prompt and 
regular attendance at the mectings of the board, it will be ad- 
visable to penalize tardiness or absence. Provision might be 
made that if a member is either tardy or absent from a mecting 
twice during his term of office, without being excusable, he shall 
automatically cease to be a member of the board; with the 
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further provision that to be excused from attendance or prompt 
attendance, a member must have obtained leave from the board 
mecting immediately preceding the one in question; if the ne- 
cessity for being excused cannot be foreseen in time to obtain 
such leave, the member must have been granted leave by the 
president of the university, which leave shall be valid only if 
confirmed by the meeting to which it applies. 
ж ж ж ж ж ж * * * * * * 
As previously intimated the above scheme 15 presented, not as 
one which even approaches perfection, but as the basis for dis- 
cussion which it is hoped will lead to a scheme as псатіу as pos- 
sible perfect. It is very desirable that the discussion include 
_ the views of those in responsible charge of large industrial estab- 
lishments as well as those connected with university work. The 
attitude of many of the latter, in the past, seems to have becn 
that the problem is one so different from all other administrative 
problems that it occupied a class entirely by itself. And that 
no parallels could be drawn and по lessons of value 
learned from industrial organization. While the under- 
lying basis for such an attitude is undoubtedly sound when 
properly applied, it does not, it seems to me, apply to the problem 
in its entirety. While there is a wide difference at some points 
of the respective processes, between the problem of turning out 
shoes, for instance, and that of turning out mentally trained men, 
there are other parts of the processes, or their administration at 
least, which secm to me closely parallel, if not identical, and, 
therefore, subject to similar treatment. 
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ELECTRICALLY DRIVEN REVERSING ROLLING MILLS 


BY WILFRED SYKES 


'The load conditions under which motors driving continuous 
running rolling mills operate is generally understood, and the 
advantage to be obtained by using a suitably designed fly wheel 
is well known. Owing to the rapidly fluctuating load, some 
system of energy storage capable of performing a large amount 
of work for short periods must obviously be of considerable 
value not only from the standpoint of motor operation but also 
from that of power supply. Several papers have been read before 
this Institute dealing with the question of the action of flywheels 
with such loads and the advantage has been clearly demonstrated. 
The value of flywhecls can be best appreciated when used with 
mills with very high and short peak loads, such as a blooming 
mill, where loads up to 10,000 h.p. for one or two seconds are not 
infrequent. Тһе antithesis of this type of mill is the reversing 
mill where every effort is made to reduce the flywheel effect to a 
minimum so that the accelerating force required may be kept 
within reasonable limits. Most engineers connected with in- 
dustrial work are familiar with the devclopment of clectrically 
driven continuous running mills but the development of the 
reversing mill is not generally appreciated except by those more 
or less connected with their design and operation. Тһе object 
of this paper is to briefly review some of the more important 
points 1n its design and operation. 

The application of electricity to reversing rolling mills is one 
of the most important technical advancements in industrial 
engineering that has been made during the last ten years and it 
is of considerable commercial importance as the value of the 
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thereafter will be treated as if presented at the meeting 
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equipments already supplied or on order amounts to approxi- 
mately ten million dollars. 

Previous to 1905 the engineers of some of the large European 
electric manufacturing companies had given the reversing mill 
considerable attention. А study of the problem showed that in 
order to have a feasible arrangement some provision would have 
to be made to equalize the input to the plant as no generating 
station of moderate size could take care of the rapid fluctuations 
of load which occur with this class of mill. Furthermore, the 
question of controlling the large motors necessary for this work 
was given a great deal of consideration and the conclusion arrived 
at, that the ideal arrangement for such a plant was the Ilgner 
system, such as had been previously applied for large hoisting 
equipments. This system, as is generally known, provides for 
the equalization of the load and also for the control of the oper- 
ating motor. The motor is of the direct-current type, generally 
shunt type, supplied with power by a special репсгафог which is in 
turn driven by a suitable motor. The motor.generator set is 
connected to the flywheel and means аге provided for automati- 
cally varying the specd of the set depending upon the load. The 
operating motor is constantly excited and the speed 1s controlled 
by varying the voltage supplied to the armature; the voltage 
being{varicdjby means of a regulator in the generator field. То 
reverse the motor the generator ficld is reversed. This control 
is extremely simple as only the shunt current of the generator 
is handled. The automatic regulator for the motor generator 
set 1s so arranged that when the load on the set exceeds the 
avcrage value the speed of the set is reduced and the flywheel 
gives up part of the energy stored in it, thereby assisting the 
motor to drive the generator and eliminating the peak loads 
on the generating plant. During periods of light loads the fly- 
wheel is accelerated and by properly designing the equipment 
the input can be maintained fairly constant. 

In 1903 experiments were carricd out to determine the possi- 
bility of operating a motor under such conditions as are met with 
in reversing rolling mills. For this purpose an electric hoist 
of the Ilgner type was selected, the rope being removed from the 
drum and the motor and drum reversed as rapidly as possible. 
These experiments demonstrated that it was quite possible to 
operate suitably designed machines under the severe conditions 
to be met with, but at that time no stecl mill owner could be 
found willing to try the experiment. About the same time 
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experiments were also carried out on steam driven reversing 
mills to determine the power requirements and information was 
obtained which enabled the electrical engineers carrying out 
this work to determine more or less exactly the power required 
under various conditions. It is interesting to note that one of 
the earliest reversing mills installed gave results corresponding 
very closely to the figures worked out in 1908. 

It was not until 1905 that a mill owner could be found willing 
to install an important drive of this kind, in view of the fact that 
nothing of a similar nature could be shown. At last the Oestrei- 
chische Berg und Huttenwerke Gesellschaft, Austria decided to 
try the experiment when remodeling its works at Trzynictz and 
after a considerable time had been spent in investigating the 
power requirements of its then existing steam driven mull an 
order was placed towards the end of 1905 and the plant started 
in July 1906. This plant was rated to have a maximum са- 
pacity of 10,350 h.p. but since it has been in operation the load 
has often exceeded this value. The results achieved with this 
initial installation encouraged other companies to install this 
(уре of mill and the attached table shows the mills that are in 
operation or ordered up to the end of February of this year. It 
will be seen that at the present time 32 mills of this type have 
been installed or ordered in Europe and three in this country. 

This table shows the great range of material that is handled by 
this class of mill and the large capacity of some of the plants. 
The ratings of the roll motors are the loads that are regularly 
met with during rolling but these values are often exceeded 
especially when rolling comparatively cool material. The 
difference between the size of the generators and the driving 
motors 1s explained by the fact that the former handle all the 
current peaks, and the heating being proportional to the square 
of the current, the generator must be much larger than the 
motor which carries only the average load. 

Fig. 1 shows graphically the development of this type of mill 
and 1t will be seen that during the last ycar the business secured 
has rapidly increased. Іп vicw of the technical difficulties in 
building mills of this kind and of the high first cost, it may be 
asked wħy reversing mills are used at all, as in a general way it 
may be said that three-high continuously running mills can do 
the same work, thc construction of this kind of mill representing 
no particular difficulties and being comparatively cheap. Тһе 
following are the principal reasons for using reversing mills. 
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1. Where the mill has to roll a large number of different 
sections and operates only for a short time on one particular 
class of work. This means frequent changing of rolls and the 
two-high mill is very much more convenient in this respect 
than а thrce-high mill, the cost of rolls being considerably re- 
duced and also the time required for making the change. 

2. The economy of the reversing mill with intermittent work 
is higher than that of the continuous running mills, principally 
on account of the elimination of friction load when the mill is 
not in operation. The friction load is often a very appreciable 
fraction of the total work and 1$, of coursc, particularly noticeable 
where the mill is working at a small percentage of its normal 
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Fic. 1.—Curve showing the capacity of reversing rolling mills, installed 
or under construction 


capacity. With a three-h gh mill this loss is going on con- 
tinuously, whereas the reversing mill is at rest and the only 
losses are those in the motor generator set which are gencrally 
less than those due to the mill friction. The auxiliary equip- 
ment of the reversing mill is somewhat simpler than that of the 
three-high mill, the lifting or tilting table being eliminated. 
The balancing arrangement of the rolls is also simpler as only 
one roll is moved. И | 
Fig. 2 shows graphically some results based upon tests carried | 
out in Europe, which show the superiority of the reversing mill 
when on light loads. These curves аге based on rolling three- 
ton ingots to various sections, the clongation varying from 5 to 
10; and it will be seen that on hght loads the efficiency of the 
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three-high mill, on account of the friction losses, is considerably 
less than that of the reversing mill, while at full load both types 
show about the same results. In works where the rolling is 
irregular, the reversing mill can show an appreciable saving be- 
sides the other advant ages incidental to this type. The curves 
have been made up from actual test results and if anything, 
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Fic. 2.— Curve showing the relation between the power required for 
reversing and three-high mills for various outputs 


they favor the three-high mill, as the friction taken is not the 
highest obtained. The efficiency of the motor has been taken 
high and generally under working conditions it would be about 
5 per cent at full load on account of the slip resistance in the 
rotor. At light load the efficiency would not be appreciably 
affected by this extra resistance. In smaller. works there is 
likely to be a greater variation in the production than with larger 
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concerns and this is to a certain extent the reason why the re- 
versing mill has made greater progress in Europe than in this 

country as the competition for orders is greater and a greater 
variety of work is being handled. The production of the three- 
high mill is somewhat greater than the reversing mill but it 1s 
gained by a greater complication of the mill itself although the 
driving equipment is much simpler. It must be born in mind, 
however, that the upkeep of the mill is very much greater than 
that of the electrical equipment so that the extra complication 
of the reversing mill drive does not offset that of the three-high 
mill over the two-high. Аз an indication of the capacity of 
electrically driven mills, the following figures obtained in орсга- 
tion from the plant at Rombachhutte may be of intcrest: 


67 tons, 2 in. sq. billets per hour, elongation........11.5 
B3 Е » а s —À 9.86 
105 “ 3] * E * н каланы УЫЗ 


CONTROL OF ROLL MOTORS 


Reference has been made to the method originally adopted 
of controlling the reversing motors by regulating the generator 
field and this system has been universally used for all installa- 
tions at the present time with one exception. For large motors 
of eight or ten thousand horse power it is obvious that any system 
of rheostatic control would not be feasible and a voltage control 
system is the only one that can be considered. In the case of 
smaller plants of one or two thousand horse power there has been 
some discussion as to whether the rheostatic system of control 
is possible or not. Leaving aside the question as to the possi- 
bility of designing a reliable rheostatic control for such work, 
it might be well to consider the operation of such an equipment. 
One of the outstanding features is the maneuvering capacity of 
plants with the voltage control system as the speed of the motor 
corresponds to the position of the controller handle and any 
amount of braking that is necessary can be obtained without 
anv difficulty. A very important feature, however, is the power 
required for accelerating the motors. With the voltage control 
svstem approximately 40 per cent to 50 per cent of the ac- 
celerating power is lost in various transformations that take 
place, that is to say, 50 per cent to 60 per cent of the input of 
one acceleration is available for accelerating the motor the 
second time after allowing for all losses. Тһе voltage control 
svstem, of course, has no rheostatic losses, consequently the 
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total input is the same as the energy stored in the moving masses. 
With the rheostatic system of control only one-half of the energy 
taken from the line is available for accelerating the motor and 
none 15 recovered. То illustrate this point the following example 
can be taken. Іп rolling 2 in. square (25.8-sq. ст.) billets from 
15 by 15 by 45-т. (38 by 38 Бу 114 cm.) ingots in 19 passes the 
actual work put into the rolls was 141,740 h.p.-seconds, the total 
energy required for accelerating the motor was 30,543 h.p- 
seconds but as a portion of this was recovered, the actual horse 
power required for accelerating was approximately 18,000 Һ.р- 
seconds. With rheostatic control the input to the line would 
have been twice as much as with the voltage control of 61,086 
h.p-seconds, which is approximately 43 per cent of the useful 
work, whereas with the voltage control the loss corresponds to 
about 12.7 per cent of the useful work. This difference in power 
consumption 1s of considerable importance and will at the end 
of the year represent an appreciable increase in the total input. 

Another feature which has been raised is the quickness of 
operation, it being claimed that the rheostatic control enables 
the motor to be reversed more quickly than is possible with 
voltage control on account of the magnetic lag of the generator 
field with the latter system. This feature is, from an operating 
standpoint, of no particular value, as experience has demon- 
strated that the mill can be reversed as quickly as the material 
can be handled, and quickness of operation is not the limiting 
feature in the output of the mill. It might be mentioned that 
a test of two motors having a maximum total rating of 7,000 h.p. 
showed that they could be brought to a speed of 60 rev. per min. 
28 times per minute, and another mill with motors having а 
rating of 10,000 h.p., a speed of 100 rev. per min., was reached 
14 times per minute. In the latter case the energv stored in the 
moving masses was approximately four times as great as in the 
former сазе. Тһе universal experience has beer that motors 
with voltage control can be operated as quicklv as the material 
can be handled, and considerably quicker than a steam-driven 
reversing mill. 

Several methods are used in practice to obtain quick operation 
with the voltage control system. One method is to indirectly 
compound the roll motor, this being done by mcans of a series 
generator the Веја of which is excited by the armature current 
of the motor. Тһе current in the winding excited by this 
generator is comparatively small and is саз Пу reversed by the 
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controller, whereas any system of direct compounding would 
necessitate operating a switching device capable of handling 
several thousand ampcres, which would be hardly practical. 
With this arrangement the time required to accelerate the гой 
motor 15 shortened as the torque available for a certain armature 
current is greater on account of the stronger field, the difference 
depending however on the saturation of the field. This ar- 
rangement has the advantage that the speed of the motor will 
vary somewhat with the load and consequently in case of a very 
heavy overload part of the energy stored in the moving parts is 
available to assist the motor whereas with a shunt machine the 
speed variation 1s so small that all loads must be taken by the 
motor and generator. 

Another method of increasing the rate of ection is to wind 
the fields for a comparatively low voltage and connect a large 
non-inductive resistance in series with them. This has been 
used to a considcrable extent as it is simpler than the arrange- 
ment just described and it is possible to obtain just as high a 
rate of operation as 15 necessary in practice. 

Various methods have been proposed, such as connecting a 
booster in series with the generator field, this booster being ar- 
ranged so as to allow full exciter voltage on the field at starting 
but reducing it to that for which the field is wound as soon as 
the motor is running at full speed. Such schemes arc, however, 
unnecessary for ordinary purposes. 

One rather important point to be provided for in connection 
with the control of plants working on voltage control is the cffect 
of the residual magnetism on the generator field. When а roll 
motor is at rest, the generator armature has only the resistance 
of the motor armature in series with it. With a very small 
residual field it 1$ possible to obtain quite an appreciable cur- 
rent. The principal danger is that the rolls may start to slowly 
revolve should the current flowing be sufficient to overcome thc 
frictional movement and in this way a scrious accident may occur. 
А very simple way to avoid this danger is to short circuit the 
generator when the controller is in the off-position. Another 
method which is perhaps preferable 1s to arrange the controller 
so that when it is in the off-position the generator field is so 
connected across its armature that any voltage generated due to 
residual field will cause a current to flow in the shunt winding 
tending to kill the residual field and in this way it is possible to 
climinate the current due to residual field altogether. 
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Slip Regulation. In connection with the motor-generator set 
the operation of the regulator for automatically varying the 
speed is of considerable importance. Various arrangements 
have been worked out for this purpose for use with three-phase 
motors, one of which has been used in this country, involving 
the use of magnetically operated switches which are cut in and 
out by means of current relays, thereby introducing more or less 
resistance into the rotor circuit of the driving motor. The 
- relays for controlling these switches are arranged with two 
settings, one relay causing the switches to open and the other 
causing them to close. 


Fic. 3.—Automatic liquid slip Fic. 4.—Diagrammatic sketch 
regulator for controlling the speed showing the construction of the 
of flywheel motor generators automatic slip regulator illustrated 

in Fig. 3 


Regulators of this type have been used for a number of years 
with satisfactory results but they have a number of disad- 
vantages due to their complication which make it desirable to 
adopt some simpler device, such as a liquid regulator of the type 
described below. | 

Another arrangement that has been used for automatically 
varying the slip is the face plate rheostat operated by a small 
motor, this motor running continuously and clutches being 
provided for operating the contact arms in either one direction 
or the other, these clutches being controlled by suitable relays. 

During the last few years the liquid slip regulator has come into 
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use for this class of work and has given very satisfactory results. 
Fig. 3 illustrates a regulator of this type for controlling a three- 
phase motor driven set and Fig. 4 shows diagrammatically the 
arrangement of the same. 

The moving electrodes of this regulator are operated by a small 
induction motor which is supplied with current through a series 
transformer in the primary circuit of the main motor. The 
torque of this motor tends to separate the plates and at normal 
load the motor torque plus that of the counterweight just balances 
the weight of the moving electrodes. If the current should tend 


Fic. 5.—Typical curves showing the power input to a reversing тїї, 
and illustrating the operation of the slip regulator 


to increase above the normal, the increased torque of the motor 
causes the electrodes to separate, thereby reducing the speed of 
the set and enabling the flywheel to give up a portion of the 
energy stored in it. Should the current fall below the normal 
value the torque of the motor decreases and the electrodes 
come closer together, thereby decreasing the resistance in the 
rotor circuit and causing the speed of the set to increase. This 
type of regulator has been used very successfully for reversing 
rolling mills and hoisting plants. As it will be seen, it is very 
simple and is also very sensitive. 

Another type of liquid regulator used involves the same prin- 
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ciple as the face plate regulator mentioned above, the clectrodes 
being operated by means of a small motor which drives teh 
moving parts through clutches, the clutches being operated by 
relavs. 

Liquid regulators have a number of advantages over any 
{уре of regulator using switches for varying the resistance in 
steps. They are simpler and less expensive and in operation 
the type using a torque motor is much more sensitive than any 
arrangement with relavs because the best that the latter type 
can accomplish is to regulate within certain limits. The liquid 
regulator has only been generally adopted recently as there are 
a number of difficulties in manufacturing this tvpe for large 
capacities. Fig. 5 shows a typical test of a reversing mill from 
which the operation of the equalizing equipment can be scen. 
In spite of peak load of 3000 kw. the load on the line does not 
at any time exceed 550 kw. 

Machines. It is obvious that to withstand the operating 
conditions, ordinary direct current generators and motors would 
not be suitable. The generator must be capable of commutating 
its maximum current at a small percentage of its normal field 
and its armature reaction must therefore be completely com- 
pensated. In the earlier machines, the Deri type of generator 
was used, but experience has shown that it is not necessary to go 
to such an expensive construction and machines are now built 
with interpoles with the compensating winding їп the face of the 
main poles. In order that the machines can rapidly change 
their ficld strength, the generator fields are always laminated. 
The motors must, of course, be able to handle the same currents 
as the generator, but the condition is somewhat different, as the 
motor always has full ficld at starting and the operating speeds 
are much lower. Ав far as the motor is concerned, the principal 
point to be observed is to reduce the inertia of thc rotating parts 
toa minimum. This is generally done by using as light a con- 
struction as is consistent with necessary mechanical strength, 
and in the case of large units using two or more machines. 
However, the progress that has been made in the design of re- 
versing mill equipments is shown to some extent in the construc- 
tion of the driving motors. The first plant at Hildegradhutte 
had three motors on the same shaft, with a total maximum rating 
of 10,350 h.p. Тһе largest plant that has been installed 1s that 
at Rombachhuttee, the motors having a maximum rating of 
15,000 h.p., only two machines being used. Тһе plant which is 
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now being built for the Acieres de Longwy a Mont St. Martin 
has one motor with a maximum rating of 12,800 h.p. 

The motors are invariably of the interpole type, generally with 
compensating windings in the main pole faces, the field being 
usually solid with laminated poles. In a few cases, however, 
laminated fields have been used. 

Flywheels. In Europe cast steel wheels have been used exclu- 
sively, several manufacturers having made a specialty of the 
construction of such wheels for high peripheral velocities. It 
has been possible for the steel manufacturers to do this on 
account of the large demands for such wheels for the Ilgner 
hoisting plants. Іп this country the demand for such whecls has 
not been such as to justify manufacturers specializing along 
these lines and consequently it is not possible to obtain large 
wheels for high velocities with suitable guarantees as to me- 
chanical properties. Most of the plants using flywheels that 
have been built in this country, have wheels built up of steel 
plates. These wheels are capable of running at very high speeds 
without excessive stresses and they can be manufactured at 
approximately the same cost as cast steel wheels. The maximum 
size of plate that it is possible to obtain is about 11 ft. (3.35 тп.) 
wide so that the greatest diameter of wheel that can be built up 
of solid plates is about 10 ft. 6 in. (3.2 m.). For slow-speed 
sets this does not give a peripheral velocity high enough to keep 
the size of the wheel within reasonable limits and it is necessary 
to adopt some form of whecl built up in segments. Two wheels 
of this type have been in use for some years at the plant of the 
Illinois Steel Co., these wheels consisting of a cast steel hub 
with a laminated rim. These wheels weigh 100,000 lb. (45,359 
kg.) each and run at a peripheral velocity of 15,500 ft. (4, 724 m.) 
per minute. In Europe cast steel wheels аге in use running at 
velocities up to about 22,000 ft. (7,010 m.) per minute and solid 
plate wheels have been supplied for a speed of 24,000 ft. (7,315 m.) 
per minute, some wheels having been tested by the writer up to 
30,000 ft. (9,144 m.) per minute. The weight of a single wheel 
seldom exceeds about 50 tons on account of transportation diffi- 
culties. 

Eficiency of Reversing Mill. The question as to the efficiency 
of reversing rolling mills has often been raised and comparisons 
made with steam driven units. The advantage of the re- 
versing roll for irregular work has been shown in Fig. 2. Fig. 6 
shows the efficiency of one of the latest reversing mills installed, 
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this efficiency being the relation between the work given out by 
the mill motor and the input to the motor generator set. It will 
be noted that the efficiency when rolling hard material is a little 
less than when rolling soft material, this being due to the fact 
that the hard material requires a greater number of passes for 
the same reduction of area. It will be seen that at full load the 
efficiency of the equipment is about 65 to 70 per cent. 

With a modern steam-driven plant it will be possible to 
generate one h.p-hour for approximately 12 lb. (5.4 kg.) of 
steam and allowing 5 per cent for transmission losses and 65 


| | | 
RM c ЕБЕ Р | eti u 
10 a = que | Z+ + 
Нена DEUS s pesi ende 
dl il LI 
селі | i 


E 


L 
| 


EFFICIENCY IN ^ 
P 
c 
| 
bas 


| | 
а. SOFT MATERIAL aoe 
| (0. HARD MATERIAL 


+ ees 


ied. 


ж 


ару 


10 20 30 40 50 60 70 80 90 100 110 170) 
PERCENTAGE OF NORMAL CAPACITY 


Fic. 6.—Curves showing the efficiency of a reversing rolling mill when 
working at various capacities 


per cent for the efficiency of the rolling mill plant, it will be seen 
that the steam consumption per h.p-hour at the rolls 15 about 
19.5 Ib. (8.84 kg.). | 

Taking the latest type of reversing mill engine with a valve 
between the receiver and the low presssure cylinder so as to save 
the steam from the high pressure cylinder when reversing, which 
would otherwise be exhausted to the condenser, the best figures 
that have been obtained are 27% lb. (12.5 kg.) of steam рег 
3h.p-hour. This is when working with 26 in. (63.4 cm.) vacuum 
and 90 deg. fahr. superheat. 
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Considering the loss due to condensation and leakage in the 
pipes, this figure would have to be increased to at least 30 lb. 
(13.6 kg.) of steam per b.h.p-hour, consequently under the 
most favorable conditions the steam driven reversing mill will 
take at least 50 per cent more steam than an clectrically driven 
mill. The figure given for the steam consumption of a steam 
mill is for a modern plant of the best construction. With an 
ordinary plant working condensing but without superheat and 
with simple single valve control a recent test gave 53 lb. (24 kg.) 
of steam per brake horse power. 

Power Requirements. Тһе power required to drive rolling 
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Fic. 7.—Curves showing the power required for rolling stcel for various 
elongations 


mills depends on a great many factors, among which may be 
mentioned the temperature of the material rolled, the profile 
of the finished material, the number of passes and the type of 
mill. In Fig. 7 some curves are shown which are the results of 
tests made in Europe to determine the power requirements of 
rolling mills. "These curves show average results and are useful 
when used in conjunction with the efficiencies shown in Fig. 2 
to determine the power input for a given output of finished ma- 
terial. From these curves it 1$ possible to determine, with rea- 
sonable accuracv, the power requirements of the mill providing 
there are no abnormal conditions, but the figures given are only 
good for mills rolling blooms, billets, heavy girders and rails 
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where the temperature does not drop below about 1700 deg. fahr. 
and the form of the finished product is simple. For angles, 
tees, light rails, bar iron, thin plates and sheets the power re- 
quired is much greater and cannot be so simply expressed. From 
the curves given it is possible to determine the power required 
for the individual passes but in estimating the size of motor 
necessary many other factors must be considered. The ac- 
celeration of the moving parts and also the friction of the mill 
must be allowed for, and tests show that the initial peak may be 
considerably higher than the average during rolling, probably 
on account of the temperature of the end of the ingot, bloom or 
billet, as the case may be, being lower than the average. The 
curves given in Fig. 7 show the net rolling work and do not 
include the losses in the motor gearing, nor the friction except 
that caused by rolling which, however, cannot be separated from 
the power actually required to displace the metal. In general, 
it may be stated that if the machines are designed to withstand 
а current of about 21 times the normal that could be carried con- 
tinuously, the maximum capacity and the heating will be in 
about the right relation although this may vary according to local 
conditions. There is, however, a considerable variation in the 
power requirements for different ingots and the average figures 
may easily be exceeded by 30 per cent to 40 per cent, and con- 
sidering the irregular rate of acceleration which may take place, 
a margin of at least 50 per cent should be allowed in the maximum 
capacity over the estimated average. 


REVERSING MILL oF ILLINOIS STEEL Co. 


As the only example of the reversing mill operating in this 
country a short description of the plant of the Illinois Stecl Com- 
pany may be of interest. It 1s of interest to note that this plant 
was designed in the middle of 1906 and put 1n operation in May, 
1907, it being the third reversing mill in the world to be elec- 
trically driven. 

The plant consists of a two-high universal plate mill, the general 
layout of which can be seen from Fig. 8 and a view of the com- 
pleted mill is given in Fig. 9. This illustration, however, does 
not show the house around the motors. This mill is arranged 
to roll slabs 30 by 7 in. (76.2 by 17.7 cm.) down to plates 1 in. 
(6.35 mm.) thick and is driven by two direct-current shunt type 
motors having a total rating of 8,000 h.p. maximum at 100 rev. 
per min., these machines being of the interpole compensated 
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type with a laminated field. The speed of the motors can be 
increased to 150 rev. per min. by weakening the field, but the 
controller is so arranged that they always start on full field. 
The motor was divided into two units in order to reduce the 
inertia to a minimum. In Fig. 10 the general arrangement of the 
motors is shown, the principal overall dimensions being also 


Fic. 9.— Universal plate mill at the Illinois Steel Company's plant, 
showing the motor drive 


given. Тһе weight of the stationary parts of the motors 15 
approximately 233,000 Ib. (105,687 kg.) and that of the rotating 
parts of the two motors 123,000 Ib. (55,791 kg.) making the 
total weight'of the machines about 356,000 Ib. (161,478 kg.). 
Тһе bearings of the motor are lubricated from a central oil tank 
and the overflow is filtered and returned to it to be used again. 


Fic. 10.—General layout of roll motors for driving universal plate mills 


Water cooling is also provided. The outer face of the bearing 
next to the mill 1s babbitted, the coupling hub forming a thrust 
collar which bears against this surface of the motor and receives 
an end thrust from the mill. | 
Тһе roll motors are operated from а motor-generator set соп- 
sisting of 1,300-h.p. induction motor, 6,600 volts, 25 cycles, 
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coupled to a double-commutator shunt type, generator and 
two flywheels each weighing 100,000 Ib. (45,359 kg.). The syn- 
chronous speed of the set is 375 rev. per min., the peripheral 
speed of the flywheels being 15,500 ft. (4,724 m.) per minute. 
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Fic. 11.—General layout of flywheel motor-generator set supplying power 
to roll motors 


The generator armature has an inter-connected winding and 
each commutator supplies one of the roll motors. The maximum 
capacity of the machine is approximately 6,500 kw. corresponding 
to 8,000 h.p. at the motor. The generator has a completely 
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Fic. 12.—-Motor generator set installed in the plant of the Illinois Steel 
Company 


laminated field and 15 of the interpole compensated type. Тһе 
set has four bearings which are lubricated from a central oil 
tank, water cooling being arranged for the bearings supporting 
the flywheels. A general arrangement of the equipment is shown 
in Fig. 11 and a view of the completed machine is given in Fig. 12. 
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In order to start the set, a pneumatic barring gear is provided 
which assists the motor to overcome the initial friction. The 
total weight of the rotating parts is approximately 300,000 Ib. 
(136,077 Кр.) and that of the stationary parts 235,000 Ib. 
(106,594 Кр.) making а total of 535,000 Ib. (242,671 kg.). 

The speed of the set is regulated by an automatic shp regulator 
which consists of unit switches operated by two relays, one for 
dropping out the switches and the other for causing them to 
close, the difference between the scttings being the limit within 
which the regulator operates. 

The plant has been in continuous service for a number of years 
and the successful operation has completely borne out the ex- 
perience gained in Europe with this class of equipment. 

It was anticipated that when this paper was prepared it would 
be possible to give some characteristic curves from this mill 
but the tests have not been completed in time for publication. 

In conclusion, the results that have been obtained with the 
reversing mills in operation have shown that the operation 1s 
equal to the best that 1s possible with steam-driven plants and in 
many cases very much better results have been obtained than 
with the steam plants that were displaced. The ссопоту of 
this type of mill has been conclusively demonstrated and the 
only objection that has been raised is the high first cost. А little 
investigation, however, of the economy of the mill shows that the 
additional initial expenditure 1s very quickly saved by the 
lower power consumption. The rapid extension of this type 
of mill 1$ sufficient demonstration of the fact that in new plants, 
where economy in operation 1$ the controlling feature, the elec- 
trically driven reversing mill will eventually displace the steam- 
driven plants. 


x 


Digitized by Google 


А paper tobe presented al the 28th Annual Conven- 
tion of the American Institute of Electrical Engi- 
neers, Chicago, Ili., June 26-30, 1911. 


Copyright 1911. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


THE APPLICATION OF CURRENT TRANSFORMERS TO 
THREE-PHASE CIRCUITS 


BY J. R. CRAIGHEAD 

The performance of current transformers when their second- 
aries supply simple series loads, and the methods of test for 
determining the errors introduced by the transformer when used 
with known secondary connected loads have been considered 
in previous papers. The secondaries of two or three current 
transformers whose primaries are supplied from the lines of a 
three-phase circuit, are, however, frequently interconnected 
to save room, simplify wiring, and diminish cost. In this case 
the equivalent load carried by the current transformer secondary 
can not be determined in the simple manner that applies to an 
ordinary series connection, since the devices used in a series 
circuit may constitute a very different equivalent load when used 
in an interconnected circuit. Ап understanding of the equiva- 
lent load carried by each transformer is necessary in order to 
determine suitable limits of load from results of tests made in 
the ordinary manner. Тһе term “equivalent load " is here 
'used to indicate the load carried by the secondary of a current 
transformer where this may differ from that obtained by com- 
bining in series the resistances and reactances of the devices 
used. | 

In interconnecting secondary loads for current transformers, 
the load is placed in the form of а Y, the differences between 
the various interconnections arising from the various methods 
of connecting the transformer secondaries to the three load 
terminals. The difference between this load and the ordinary 
load connected in Y to power transformers is that the power 
Circuit operates with practically constant voltage, while the 

NoteE:—This paper 15 to be presented at the 28th Annual Convention 
of the A. I. E. E., Chicago, June 26-30, 1911. Notice of oral discussion 
Or any written discussion should be mailed to reach the Secretary before 


the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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current and the impedance of the devices connected change to- 
gether: while on the Y supphed by current transformers, the 
impedances of the devices remain constant, the current and 
voltage changing together. 

The following formulas serve to determine the delta voltages 
(voltages between external terminals) of a Y-connected circuit, 
when the resistance, reactance and current flowing in each line 
are known. 

Referring to Fig. 1, let А, B and C be any three Y-connected 
loads for current transformers. Using the ordinary nomen- 


clature, 
ЗА ГА =] ХА 


ӛв-Ғрв-/ XB 
и Соний XC 


The currents flowing are Z4, Ig, Ic. If $ represents the angle 
by which 7j lags behind 7 4, and S is the ratio of Гв to J, (r.m.s. 
values of equivalent sine waves). 


Іт 5 I4 (cos Ф-Ғу sin ф) 
Then, since the circuit is а Y-connection, 
1е= – Іл = 1в= —I4—SIA(cos 647 sin $) 


The voltages from the three terminals to the common point, 
across cach of the three loads, are 


ед = Га (ra—j xa) 
ев= Ig(rg—j xg) =5 ГА (cos 6+ j sin $) (rg—Jj хв) 


ес= Іс (rc-jxc) = (—14—S Га (cos 64+) sin ф) ) (rc—j xc) 
= —I4 (1+5 (cos ġ +j sin $) ) (rc—J xc) 


The delta voltages across the supply terminals, entering 4, B 
and C respectively, are 


Еутед-ев-іІл(Ғл-) x4)—5SI4(cos ф-К/ sin $) (rg—J xp) 
= [д {лај x4—35 (cos $+) sin ф) (rg—j хв) | (1) 
Езшер-ес-5 I 4 (cos Ф-+! sin ф) (rg—J xp) +14 (1+5 (cos ф 


+j sin $)j (кеј хе) = I4 [S (cos $+) sin ф) (ғв-) xg) 
--11--5 (cos 6+) sin ф)} (rc—j xc)] (2) 
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Ез=ес-ед= —I4 (14.5 (cos ġ+j sin ф)} (rc—j xc) — ГА (ra 
—jx4)7 —I4[l14- S (cos ф-т ф) | (rc—j xc) + (r4 —jx4)] 
(3) 


Secondary loads for current transformers are expressed in 
terms of volt amperes and power factor at a standard current 
and frequency. The formulas given above are stated in terms of 
I ,, and the angle 


E imaginary component 
real component 


gives the angle between E, Es or E3and I4. The angle between 
E» and [в тау then be obtained by subtracting $, and that be- 


PEE ene 


Fic. 1.—Y -connected loads. Connections and theoretical diagram 


tween E; and Ic by subtracting the angle between Іс and Га, 
obtainable in the same manner from the preceding equation for 
Ic. The cosines of these angles are the power factors of the 
equivalent secondary loads. 

The volt-amperes supplied by a transformer are the product 
of the voltage across the secondary by the current flowing in it, 
but this value must be reduced to standard conditions. If E 
is the voltage and J 1s the current, the volt amperes at 5 am- 
peres (used as a standard in stating current transformer loads) 


=F] х-% - or юн. In all balanced current conditions, the 
voltages supplied to different parts of the circuit may be com- 
pared instead of the volt-amperes, the current being merely 
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а common multiplier which may be neglected for convenience іп 
comparison. In any Y-connected circuit where the conditions 
are known, the voltages may be obtained by substitution in 
formulas (1), (2) and (3). These formulas are based on the 
phase position of Z4, and the angles obtained from (2) or (3) 
must be corrected by addition or subtraction of the angle be- 
tween J, and Igor Ic in order to represent the phase angles of 
the voltages with respect to Ig or Ic. 

For any given case these formulas will give the three delta 
voltages on the loads. If two transformers only are used, 
two of these voltages are the secondary voltages at which the 
transformers operate. If three transformers are used, they are 
connected in Y, and di*ide the delta voltage into Y components, 
whose magnitude and phase position for each transformer is a 
function of the exact characteristics of the transformer as well 
as of those of the loads. In considering cach particular case, 
the formula may be applied, or an approximate result as to 
possible maxima тау readily be reached by an inspection 
of the load diagram. 

In using two current transformers on a threc-phase circuit, 
they may be connected symmetrically, in two lines, as though 
one transformer were omitted from a thrce-transformer Y- 
connection. This is called "'straight " connection. Or the 
secondary of one transformer may be reversed; this is called 
'" cross " connection, and is equivalent to an open delta con- 
nection of the secondaries. 

The following causes ordinarily produce negligible effects on 
the amounts and phase position of the cquivalent loads on the 
current transformers, and will be omitted from the discussion: 

1. Variation of wave shape in the primary current. 

2. Differences between primary and secondary currents due to 
the phase angle and inaccuracy of ratio of the transformer. 

The following causes may change the equivalent secondary 
loads carried by the transformer without any alteration of 
connections: 

1. Change in the relative amounts of current in the primary 
lines. 

2. Change in the phase angle between currents in the primary 
lines. 

Variation of load due to these causes (changes of S and @ in 
the above formulas) must be accepted as unavoidable, and a 
reasonable margin should be allowed for their effect in planning 
an installation. 
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The following causes control the amount of equivalent second- 
ary load carried by the current transformers, when conditions 
stated above do not vary, and are the real basis for selecting 
combinations which will operate properly on three-phase circuits: 

1. The amounts (volt-amperes or impedances) of the second- 
ary loads A, B and C. 

2. The power factor of each of these loads and the relation of 
these power factors to one another. 

3. The number and method of connection of the current trans- 
former secondaries. 

A short consideration will be given to each of the chief con- 
ditions arising from the above mentioned variations, referring 
more frequently to figures than to the formulas stated above. 


! 11 
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Fic. 2.— Three transformers. Fic. 3.—Two transformers 
Secondary connections straight connected. Secondary 
connections 


A. Two TRANSFORMERS ' STRAIGHT " CONNECTED, Fic. З 

1. Balanced conditions throughout; equal primary currents 
120 deg. apart, equal secondary loads А, B and C of the same 
power factor. (Бір. 5.) 


The voltage of transformer А will be e4—ec- — Ёз = (ға 
—jx4) Ia (1-0.5-Ғ) 0.86641) =e, (1.57 0.866) 21.73 ед 
бап”! ы м or 1.73 ед lagging behind e4 30 deg. 


1.5 

The voltage on transformer В=ев-ес= Es2I4 (r4—j xa) 
(—0.5+ 7 0.866+1—0.5-7 0.866) =ед (7 1.73) 21.73 ед lagging 
90 deg. behind ед, or 1.73 eg leading eg by 30 deg. That is, the 
volt amperes on each transformer are equal to 1.73 times the volt 
amperes of load A, B or C; but the phase angle between voltage 
and current is changed 30 deg. in the lagging direction on trans- 
former A, and in the leading direction on transformer В. Evi- 
dently for power factor of secondary loads A, B and C varying 
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from unity {о лего, the power factor of the equivalent load on 
transformer A will vary from 0.866 leading to 0.5 lagging; while 
on transformer B it will vary from 0.866 lagging to a negative 
0.5, which must be considered as meaning that the input to the 
transformer is really on the secondary side. 


t 
кй e FE 


K- 


Fic. 4.—Two transformers, cross Fic. 5.—Two transformers, 
connected. Secondary connec- straight connected. Primary 
tions currents equal and 120 deg. 


apart. Loads A, B and C equal 
and of the same power factor. 


2. Equal primary currents, 120 deg. apart, secondary loads 
varying in amount and power factor. (Figs. 6 and 7, 8, 9, 10.) 
Fig. 6 shows the effect of varying load C from a very low value to 
a very high value, while the power factors of A, B and C remain 


a ес ылы 
Fic. 6.—Two transformers, Fic. 7.—Two transformers, 
straight connected. Primary straight connected. Primary 
currents equal апа 120 deg. currents egual and 120° apart. 
apart. Loads A and В equal. Secondary loads equal, and 
load C (ec) less than A or B, and non-conductive 


also (ес”) greater than A or В. 


constant. From the formula, when r¢—jxc=0, Е. =eg and 
— Еуед. which means that the circuit is really two separate 
circuits, clectricallv in contact at one point only. Whenrc—jxc 
becomes (proportionally) so large that ев and ед may be neg- 
lected, ЕЁ. = —е and — E32 — ec. 
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That is, if load C is diminished or A and B are increased the 
loads on the two transformers approach the amount and power 
factor of load A and load B respectively; if load C is increased 
(or A and B are diminished) the loads on the two transformers 
approach the value of C, and the angle corresponding to the 
power factor of the equivalent secondary load approaches the 
value 60. deg.+6@¢ for transformer В and 60 deg. — дс for trans- 
former A, where Өс is the angle by which Zc lags behind ес. 
Figs. 7, 8 and 9 show the effect of variation of power factor of 
load C, loads А and B remaining non-inductive. Fig. 7 shows 
power factor of С=1, Fig. 8, 0.5, Fig. 9, 0.1. Fig. 8 evidently 
represents the maximum equivalent load which can be caused 


Fic. 8.—Two transformers, Fic. 9.—T wo transformers, 
straight connected. Primary straight connected. | Primary 
currents equal and 120 deg. currents equal and 120 deg. 
apart. Secondary loads equal, apart. Secondary loads equal; 
loads А and B non-inductive, loads А and B non-inductive, 
load C 0.5 power factor load C 0.1 power factor 


by change of power factor, which 1s the arithmetical sum of the 
volt-amperes of А and C occurring where 6¢—0@,=60 deg. In 
Fig. 9, passing lower than 0.5 power factor, when Өс— 04 is 
greater than 60 deg., the voltage developed on both transformers 
decreases. Тһе tendency with lagging powcr factors in load C 
is to increase the equivalent load on the transformer А which is 
connected in the leading phase, and to diminish the equivalent 
load on transformer B which is connected іп the lagging phase. 

Low power factor in loads А and B combined with high power 
factor in C produces similar conditions, but here the maximum 
voltage is on transformer В (in the lagging phase) instead of A, 
(іп the leading phase). Sec Fig. 10, which shows a combination 
where Е, is near the maximum limit. 
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3. Primary currents varying іп amount and power factor. 
To avoid complication in the diagram, the secondary im- 
pedances are shown equal and of the same power factor. Fig. 11 
shows effect of diminishing 7c and Fig. 12 the effect of increasing 
Ic. The limit in one direction is reached when Ic becomes zero, 
in which case the two transformers are working on a single- 
phase circuit, carrying load A and B respectively; that is, by 
formula, Е =ев апа —&3=e,: and in the other direction when 
the angle between J, and Jg diminishes toward zero, when (if 
the power factors of A, B and C arc alike), transformer A carries 
the arithmetical sum of ед and ec, while transformer В carries 
the arithmetical sum of eg and ес. 

When the currents in the two transformers аге unequal, 


Fic. 10.—Two transformers, Fic. 11.—Two transformers, 
straight connected. Primary straight connected. Equal 
currents equal апа 120 deg. primary currents in the two 
apart. Secondary loads equal; transformers. Smaller current 
loads A and B have low power in the line without transformer. 
factors, load C a high power Secondary loads equal and of 
factor the same power factor 


(see Fig. 13). The transtormer В having the larger current 
carries a load approaching the arithmetical sum of ес and ең: 
while the transformer A having the smaller current carries а 
voltage approaching eg. As this transformer does not carry 
full current, its volt-ampere load is not fairly represented unless 
it be reduced to standard terms for comparison. That is, for 
transformer B (assuming [в=5 amperes). 


volt amperes=5 Е. 


For transformer A, 


Volt-ampcres=I4XE3X 25 or = 25 Ез 
ГА : lA 
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substituting actual values іп (2) and (3), if 7420.5 amperes 
апа Ig=5 amperes (S=10), r4=rg=rc=1, хАЕХЬЕХСЕО, and 
ф = 120 deg., Е. =0.5[10(—0.5+70.866) +14+10(—0.5+ 7 0.866) | 
=9.76 volts. Volt amperes on transformer В-9.76 Х5 = 48.80 
volt amperes — Ез=0.5 (1410 (—0.5+ 0.866) +1) = 4.58 volts. 


Volt-amperes on transformer A = A ~ 


This calculation represents a very extreme case of unbalancing. 
The loads C and B are almost entirely carried by transformer B 
with full current, while the volt ampere load on transformer А is 
more than four times as great as that on transformer B. It 
should be noted, however, that the I, 
current on this transformer is a 
very small part of the total amount 
flowing, and therefore the actual 
error caused by the overload is 
small. 


= 229 volt amperes. 


Es 


& 


Ге Іс 

Fic. 12.— Two transformers, straight Fic. 13.— Two transformers, 
connected. Equal primary currents straight connected. Un- 
in the two transformers. Larger cur- equal primary currents in 
rent in the line without transformer. the two transformers. Sec- 
Secondary loads equal and of the ondary loads equal and of 
same power factor the same power factor 


To summarize equivalent loading on the straight connection: 

1. Under completely balanced conditions, the load on each 
transformer is 1.73 times one of the three equal loads, and the 
power factors of effective secondary loads are altered by a shift 
of 30 deg. in the corresponding angle, lagging for one, leading 
for the other. 

2. With balanced primary conditions, variations of amount 
and power factor in the secondary connected loads produce dif- 
ferent distributions of load between the two transformers, the 
maximum load on either transformer not exceeding the arith- 
metical sum of its load and the load in the secondary line with- 
out transformer, and the increase of load on one transformer due 
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to variation of power factor being in general accompanied bv 
a-decrease іп the load on the other. 

3. Where primary conditions become unbalanced, the tendency 
is to increase the volt-ampere load on both transformers, с5- 
pecially that carrying the smaller current. 


B. Cross CONNECTION, Two TRANSFORMERS 


1. Balanced primary currents, 120 deg. apart, equal secondary 
loads of the same power factor. (Fig. 4 and 14). 

Since the transformer В has its secondary reversed, the current 
Тв 15 180 deg. from its previous position. The current Гс is the 
resultant of two currents 60 deg. apart instead of 120 deg. and 
is not proportional to the current in any single primary line. 

From formula (2), 

Ез = [Гл (ra—j x4) {1+2 (соѕ – 60 deg.+ 7 sin — 60 deg.) | 

=e, (2—7 МЗ) =e, М7 leading ед about 41 deg. 
or lagging Гв about 19 deg. 

From formula (8), 

—Es-2 14 (ra—j x4) (2.5—7j 0.866) =e, “7, leading ед about 
19 deg. 

The voltages — E; and E» carried by the 
transformers are each removed only about 
19 deg. from e4 and eg instead of 30 deg., 
as in the straight connection, and their 
values are considerably greater than in the 
straight connection with the same loads, 
because of the greater Ic and the smaller 
angle between —ec¢ and ед or ев. 

2. Balanced primary currents, 120 аср. 
apart. Secondary loads varying in amount 
and power factor. 


It is evident that from an examination F16. 14.—Two trans- 
formers cross con- 


of Fig. 14, that the maximum voltage on nected. Equal pri- 
either transformer due to changes in the m CUM ое 
relative size of the load cannot exceed the 1. Рр офи 
arithmetical sum of ec and ед ог ев. Also, and of the same 


ower factor 
that because of the smaller angle between Ы 


I, and 7g, the phase displacements of Ез and E; duc to the dif- 
fering power factors in A, B and C will bc in general less than on a 
straight connection. If load C is reduced to zero we have the 
same condition as on the straight connection; that is, two 
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separate circuits which are in electrical contact at only one point. 

3. Primary currents varying in amount and power factor. 

Variations in equivalent load and power factor of load caused 
by this will be of the general nature of those with the “ straight ” 
connection, but will be somewhat less because of the smaller 
angle between Га and Ig. There 15 the same tendency for the 
transformer carrying the smaller current to operate against a 
comparatively heavy volt-ampere load. 

Summary of Cross-connection. This method gives a true 
secondary representation of only two of the three primary cur- 
rents; the total load carried by the transformer is greater than 
where the same apparatus is used with the straight connection. 
The effective loads however are somewhat less influenced by 
changes in primary current or differences of power factor of the 
secondary connected loads than the “ straight " connection. 


$4 


С. THREE TRANSFORMERS WITH SECONDARIES Y CONNECTED 


The voltages carried are those shown in the “ straight ” 
connection, with the third voltage which completes the voltage 
triangle. Тһе transformers, however, are Y-connected, and the 
division of voltage among them is dependent оп the charac- 
teristics of the individual transformers and the conditions in the 
primary lines. For this reason the exact voltage for each trans- 
former in an actual case 15 difficult to calculate even with full 
knowledge of the characteristics of the transformers. Іп practi- 
cally every case, the mean equivalent loads оп a two transformer 
straight connection are diminished by the insertion of a third 
transformer to complete the Y. И the common point of the 
three loads is connected to the common point of the three 
transformer secondaries by a lead of negligible impedance, the 
connection becomes simply three independent circuits which 
are electrically in contact at one point only. 

The following methods have been in use for some time for 
approximation of the volt-ampere loads on interconnected cir- 
cuits. They are based on the formulas for balanced conditions 
of primary current and for secondary loads of the same power 
factor. They are sufficiently accurate to use as a check to prevent 
the overloading of transformers. 


A. Two TRANSFORMERS WITH SECONDARIES “ STRAIGHT " 
CONNECTED 
This is best divided under three headings, according to the 
ratio of total volt-amperes on the secondary line having no cur- 
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rent transformer to the total volt-amperes in the line directly 
connected to the secondary of the transformer considered. 

а. Where the ratio is greater than 3.2. Total volt-amperes 
on the transformer under consideration equals the sum of volt- 
amperes directly connected to its secondary and volt-amperes 
in secondary line without transformer. 

b. Where the ratio is less than 3.2 and greater than 0.4. Total 
volt-amperes on the transformer under consideration equals the 
sum of volt-amperes in the line directly connected to its second- 
ary and 0.75 times the volt-amperes іп the secondary line with- 
out transformer. 

c. Where this ratio is less than 0.4. Total volt-amperes оп 
transformer under consideration equals the sum of volt-amperes 
in the line directly connected to its secondary and 0.5 times 
the volt-amperes in the secondary line without transformer. 


B. Two TRANSFORMERS, WITH SECONDARIES ‘ Cross " 
CONNECTED 


The total volt-amperes on each transformer cquals the sum of 
the volt-amperes in the two lines directly connected to the two 
secondaries and three times the volt-amperes in the secondary 
line without transformer, the whole divided by two. 


С. THREE TRANSFORMERS, WITH SECONDARIES Y-CONNECTED 


Total volt-amperes on each transformer equals the sum of the 
volt-amperes of the three secondary loads, divided by three. 


GENERAL CONCLUSIONS 


Certain methods of interconnection of secondary circuits 
of current transformers are used because of advantage in cost, 
space occupied, simplicity and convenience. 

The use of these interconnections results in the transformers 
carrying equivalent secondary loads which differ decidedly from 
those resulting from the use of the same devices with a plain 
series secondary connection. The power factor of the effective 
secondary load may be leading or even negative in extreme cases. 

The variations in equivalent secondary load due to the power 
factors of the separate loads have a general tendency to offset 
one another; that is, when the power factor of one equivalent 
load 1s changed in the leading direction, the other is usually 
changed in the layging direction, when one equivalent load is in- 
creased, the other is usually diminished. Therefore, these varia- 
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tions may be neglected in making approximate estimates of 
volt-ampere loads. A method of making estimates based on the 
assumption that the power factors of the three secondary loads 
are alike will give results accurate enough to prevent over- 
loading. 

Unbalancing of primary currents has a general tendency to 
increase loads on interconnected current transformers, and where 
the circuit is known to be unbalanced to an unusual degree, in- 
terconnections should be avoided or the loads connected to the 
secondaries should be kept considerably below the amounts 
allowable under balanced conditions. 

All load estimates made in the approximate way given are of 
value chiefly as mean results for the combination, and not as 
definite limits for the equivalent load on each transformer. 

The exact volt-amperes and power factor of the equivalent 
loads of a two-transformer combination may be obtained if re- 
quired from formulas (1), (2) and (3). The results for a three- 
transformer combination cannot be exactly calculated from the 
volt-amperes and power factor of the separate loads, because 
the characteristics of the transformers themselves affect the di- 
vision of the load among them. This circuit may be changed by 
the addition of a common rcturn lead to three simple series cir- 
cuits, whose volt-amperes and power factor are easily obtainable. 
This is the better connection except where the load in one line is 
an over load for one transformer, when the interconnected com- 
bination divides the load in such a way as to relieve the оусг- 
loaded transformer. 


Digitized by Google 


А paper to be presented at the 28th Annual Conren- 
Hon of the American Institute of Electrical Engi- 
neers, Chicagc, Ill., June 26-30, 1911. 


Copyright 1911. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


THE HIGH EFFICIENCY SUSPENSION INSULATOR 


BY A. O. AUSTIN 


The high-efficiency type of suspension insulator has become 
an important factor in high-tension transmission within the 
last few years, and it is hoped that the considerations which led 
to the design of this type will be of interest. 

A very high potential and small current, with a wide range 
in power factor make quantitative measurements very difficult. 
For this reason the performance of the insulator is based largely 
on visual phenomena or comparative test. 

In service the insulator is subjected to two classes of stress— 
mechanical and electrical. Mechanically the insulators must 
withstand the stresses necessary to support the conductor, and 
electrically it must prevent failure by the current passing 
through the insulator, over the surface, or through the air from 
conductor to support or ground. To satisfy the electrical 
requirements, diclectric strength, surface resistance and ca- 
pacity are necessary. 

It is not sufficient that these properties be developed for 
laboratory tests only, but for conditions in service where the 
effect of depreciation and its causes must be given due con- 
sideration. 

After making a larger number of tests on the different types 
of insulators in 1904, it was decided that if an improvement was 
to be made in the insulator, it would be by improving the 
efficiency rather than by increasing the size or weight of the 
insulator. With this idea, a number of experiments were started 
on different styles of disks to obtain their relative efficiencies 
as insulating members for the high-tension insulators. As it 
was desired to design an insulator for the severe conditions 


Note:—This paper 1$ to be presented at the 28th Annual Convention 
of the A. I. Е. E., Chicago, June 26-30, 1911. Notice of oral discussion 
or any written discussion should be mailed to reach the Secretary before 
the date of the meeting. Written discussion received within 30 days 
thereafter will be treated as if presented at the meeting. 
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around San Francisco Bay, the effect of surface depreciation 
was of greatest importance, for it was evident that after a few 
ycars operation, insulators failed through the surface becoming 
coated. 

In photographing the different types, it was noticed that there 
was a difference in the nature of the flashover, the arc 1n some 
instances following the surface, taking a very long path between 
conductor and pin, while in others the path of the arc was through 
the air or partially over surface and through the air. It was 
noticed, however, that the arc followed the surface in the larger 
types excepting where a wooden or porcelain pin was used. The 
reason for this was not at first apparent, but after a study of the 
characteristic it was decided that this was largely due to the 
overstressing of a part, the insulator failing by a cascade action. 
It was well known that certain parts of the insulator were greatly 
overstressed, causing many insulators to puncture on assembled 
test, but the remedy for this had not been advanced. 

Shortly before this time, considerable improvement had been 
made in design to obtain higher flashover of the insulator under 
storm conditions by giving the insulator large striking distances 
between surfaces. This, however, was carricd to an extreme in 
some of the designs. for it was readily seen that after the insu- 
lators were in service, that it would not be possible to utilize the 
full striking distance owing to there being a weaker path over 
the surface for the forming of the arc. 

As the rating or capacity of the insulator 15 based largely оп 
the potential necessary to flash over the insulator under storm 
conditions, it is important that the properties influencing the 
flashing or arcing be given close attention. | 

There are two types of insulators shown in Fig. 1; in one 
the insulator flashed over, the arc forming over the surface, 
while in the other onc, the arc took the air path. If the arc 
builds up over the surface on the clean insulator, it will follow 
that the potential required to cause flashover will be much lower 
after the insulator surface has depreciated under operating 
conditions. If, however, the arc forms between surfaces through 
the air practically the same potential may be necessary to cause 
flashover even after considerable surface depreciation has set 1n. 
This latter will be true as long as the path over the surface 
shunting the air path will maintain a drop in potential equal 
to that necessary to rupture the air path. 

The amount of depreciation which an insulator will stand and 
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not lower its ra ing depends upon the excess in surface insulation 
between the points where the arc forms. In the pin-type insu- 
lato: it is very difficult to obtain the same ratio between surface 
resistance and the flashing distance, as a slight change іп the 
distance or conditions varies the relative values to a large extent. 
In the suspension insulator, however, there are more nearly 
ideal conditions. 

Owing to the limitations of the pin type insulator, engineers 
were looking for a different type of insulator, and several designs 
of suspension and post types were proposed in 1904. Tests on 


Fic. 1. 


some of these showed that they had very good properties, but 
that the efficiency would have to be very much improved before 
they would be of importance. 

In addition to the electrical characteristics, a study of manu- 
facturing methods was made іп order to form a basis for practical 
designing. This work all required much time, and it was neces- 
sary to develop not only manufacturing methods for making 
up some of the pieces, but the porcelain body also. It was later 
found that a number of the principles had been used in some of 
the earlier types of insulators with success, but had been practi- 
cally abandoned and forgotten at the time. 
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SURFACE RESISTANCE 

In service, the insulator must be regarded as a high resistance. 
The drop in potential over the surface will depend upon the 
flow of current and the resistance of the surface. As the surface 
resistance varies greatly with a change in conditions, usually 
the worst conditions are assumed for the purpose of analysis. 

The early telegraph insulators appear to have be n very 
carefully designed so as to give high surface resistanee. While 
the voltage remains low, no trouble is experienced by the over- 
stressing of air-gaps as they are relatively large and high surface 
resistance may be obtained by providing long leakage paths of 
small diameter. 

When the voltage is increased, larger insulators made along 
the same lines arc between the ends of petticoats and are noisy 


| SURFACE RESISTANCE 


К = RESISTANCE OF PATH 11N. IN LENGTH 
AND 1 IN. IN'WIOTH 
х = RADIUS AT POINT IN LEAKAGE PATH 
---- 27 r= WIOTH OF LEAKAGE PATH 
7 = LLNGTH OF PATH 
Ku = RESISTANCE OF LEAKAGE PATH 1 IN. IN" „> 
LENGTH, AND WIDTH 27x 

| K fa F = TOTAL SURFACE RESISTANCE 


-— + 


8 19 12 и 16 165 30 INCHES 
DIAMETER 


Fic. 2 


at potentials considerably below flashover; for if the difference 
in potential between any two points in the leakage path becomes 
equal to the flashing potential for the air distance between the 
points, overstressing develops and an arc forms. 

The insulator does not necessarily flash over, but is likely to 
spit and become very noisy. Large air spaces remedy this fault, 
but if not properly placed low efficiency results. 

As surface resistance not only prevents a serious loss of cur- 
rent but is responsible for the potential gradient over the surface 
of the insulator it 1s of no little importance. 

The resistance of an insulator must be determined by taking 
the width into account as well as the length of leakage path. 
Surface resistance will vary directly as to length and inversely 
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as to width. Тһе width of the leakage path at any point will be 
2 T r where r 15 the radius of the zone at that point. By taking 
as the unit of resistance, a surface one inch (2.54 cm.) 1n width 
and one inch in length, the resistance may be determined in 
terms of this unit. 

Fig. 2 shows the effect of diameter on resistance and shows 
how very misleading it 15 to base surface resistance on length 
of leakage path. The area below the curve gives the total re- 
sistance and shows very plainly that a leakage path of large 
diameter furnishes but little resistance compared to a path of 
small diameter. 


|... SURFACE RESISTANCE ‚ — 


| PLAIN DISC „аск 
16| ~ *-- 7-71 FETTICAATED DISC „824 К 


| | | 
Mg - >< = T3- 
| | 

„19 x 


+ — + ++ ' 
NE 
| 
10| - cm du т 
| 1 


1 2 3 4 5 6 7 8 13 LA INCHES 


LEAKAGE PATH. CAP TO PIN 
Fic. 3. ° 


Fig. 3 shows the resistance integral curve for a 10-in. (25.4 ст.) 
high-efficiency disk. The shaded portion represents the resist- 
ance furnished by the petticoats. Fig. 3b shows a detail of a 
unit. 

The petticoat is a very efficient way in which to increase 
surface insulation, for 16 per cent of material added in the 
form of petticoats increases the resistance of the lower surface 
100 per cent. In this manner a high surface resistance can be 
obtained with a small diameter. 

The resistance integral curve Fig. 2, plainly shows that where 
the diameter of an insulator is made large, very little resistance 
is gained, for in order to produce an effective drop in potential 
over the lower resistance of a zone of large diameter would re- 
quire a 1саКаре current so large that the zone of small diameter, 
in series, would be a mass of fire. Where very large diameters 
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are used for severe conditions it is equivalent to placing a 16-c.p. 
lamp and a 50-c.p. lamp in series on double voltage and expecting 
an efficient combination. 

The petticoat in addition to providing an increase in surface 
resistance reduces the electrostatic capacity of the flange. 
This reduces the charging current and gives the section a 40 per 
cent higher flashing potential without increasing the distance 
between cap and pin. 

A high charging current on the surface evaporates the water 
striking the surface, preventing a washing action, and in addition 
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highly conducting compounds are produced greatly depreciating 
the surface insulation. 

In an endeavor to reduce the charging current and consequent 
depreciation several all-porcelain types, were developed, shown 
in Fig. 4. 

These insulators had very good properties, but it was found 
that the high-efficiency disk type with low charging current 
gave nearly as good results and had decided mechanical ad- 
vantages. 


THE INCLINATION OR SPACING OF THE SKIRT OR FLANGE 


After conducting a number of tests with fog shields, and oil 
zones in an endeavor to protect insulators against depreciation, 
it was decided that the operation of the insulator could be 
greatly improved by obtaining a better relation between the 
surface gradient and spacing of parts. 
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Where the distance between parts is too small for the stress, 
an arc is established. The arc reduces the potential between the 
parts depending on the current in the arc. In some insulators 
overstressing or arcing starts at a very low potential. The 
insulator does not necessarily arc over, for the current in the 


arc may be limited to the leakage or charging current of the 
insulator or part, there being enough insulation in series to limit 


the current in the arc. 


Since the arc bridging an overstressed air-gap acts as a con- 


f, = resistance of upper surface 
72 = resistance of lower surface 


Fic. 5. 


ductor shunting the sur- 
face resistance, 1% lowers 
the efficiency of the insu- 
lator and should be pre- 
vented by arranging the 
clearances in proportion to 
the difference іп potential; 
that this is especially im- 
portant where the condi- 
tions are severe is shown . 
by the following: 

Fig. 5 shows a simple 
insulator, it being desired 


to find the proper position of the skirt or flange to prevent 
overstressing and give maximum flashing potential. 
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Е = potential necessary to strike arc between e and а. 

$51 = potential to strike arc between e and b. 

5 = potential to strike arc between b and а. 

1 =1сакаре current. 

р. = drop in potential over upper surface. 

p2=drop in potential over lower surface. 

The distance between b and ground and b and pin is made equal 
ог а= с. 

Since the maximum potential which may be applied to the 
insulator is limited to the flashing potential for Е or the shortest 
_air path of the insulator, the flashing efficiency will be the ratio 
of potential necessary to flash insulator, to this potential. It is 
evident that for maximum possible efficiency, the following 
equation must be satisfied: 


ee ay ` | (1) 
Ра 51 
Рз 52 (2) 


applying Ohm's law gives 


EE ES 
Рз 731 “ , (3) 
For practical purposes 
ipe 
so bd (4) 
Substituting from (3) апа (4) in (2) gives 
n бе i 
no bd (5) 
Substituting f ES aes 
Substituting for 4-5. gives 
-" - tan 6 (6) 
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Therefore, to obtain maximum striking efficiency the angle with 


ry 


the conductor must be such that tan б= : 
2 


Equation (6) shows that for maximum wet striking distance 


ry 


corresponding to 0 = 0 that —0 which can only be satisfied 


re 
when 7, =0 or 7. = о. When an insulator is clean and the under 
surface dry while the upper is wet, —- is very small, and а 
псагіу horizontal skirt will give good results. "This, however, 
comes far from representing conditions found in practice where 
the upper surface may have more resistance than the lower. If 
the resistance of the upper surface is higher than the lower, 
then tan 0» 1 and @ is greater than 45 deg. 

That this is no exaggeration in practice 1s evident when it is 
considered that where conditions are severe the lower protected 
surfaces are continually depreciating due to accumulations of 
conducting material, while the upper surfaces retain a fair state 
of insulation due to the washing bv the rain. 

That fogs arc likely to give most trouble, is evident when 


ri 


the value of is considered together with the design of the 


Г. 
insulator. 


When the insulator has been in service some time, the upper. 
surface 1s fairly clean compared to the lower, and even in a rain, 
the wet upper surface may have a resistance comparable to the 
dry but dirty lower surface. During a fog, however, all sur- 
faces are wet, and the resistance of the dirty lower surface 1s 
very much lower than during a rain storm, greatly increas- 


rı 


н For this condition 0 should be large, but if 0 is small, 
2 


ing 


overstressing may develop and a large part of the surface insula- 
tion lost through the shunting or leakage arcs. 
From the above considerations it is seen that in practice 


Yi j 
- — may vary from nearly zero to greater than unity and that 
re 


for a slight change in conditions 0 should vary accordingly 


А А "A i ‘ ү} 
to give maximum efficiency. It is very desirable to keep - ; 
2 
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constant for all conditions so that the inclination of the skirt 
will not have to be changed for a slight variation in conditions, 
in order to maintain efficiency. 


When 0-20 А = () for all conditions and efficiency сала! 
ы | 


100 per cent, but the resistance of the upper surface r, is lost. 

By making rz large in comparison to rı will necessitate only 
a slight change in the inclination 0 to obtain maximum effi- 
ciency. Furthermore if 7 15 large 9 will be small. Тһе increase 
in 72 will reduce the leakage current, and the clectrical gradient 
over the surface will be less. Бір. 3, shows that the petticoats 
form a very effective means of increasing rs. 

The insulation of the air may be regarded as constant while 
surface insulation depreciates with time and severe conditions. 
Then by designing,the insulator so that the flashing potential 
is limited by the breaking 
down of the air paths, the 
rating or capacity may not 
be affected by surface depre- 
ciation. 

To insure the air charac- 
teristic in the insulator, the 
striking distance between suc- 
cessive sections:is made small 

ГМ so that the weakest path for 

the forming of the arc will be 

Fic. 6. through the air. In providing 

the air characteristic 1 is 1m- 

portant that the length efficiency. remain high; the following 

cxample showing the effect of inclination of flange on the 
length efficiency. 

Fig. 6 represents two successive sections having section length 
a c, it being desired to find the effect of inclination of flange on 
the length efficiency. 


e = potential necessary to flash between а and lower insulator. 
E = potential necessary to flash a c. 

р potential necessary to flash a b. 

d= potential drop from 5 to c. 


€ 


LONE. ine A 
ET 


The efficiency = р Е (Т) 
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If 


: is small, d becomes very small. If the diameter is 
2 


large, the surface resistance from b to c 1s very small, even 
compared to r;, and d may be considered as zero without ma- 
terially affecting results. 

When d 20 


Efficiency = Р. - (8) 


For practical purposes, the potential is proportional to striking 
distance, hence 


b 
f. (9) 


ас. 
‘Substituting for a b in (8) gives 


£ xe pn ° =cos 0 (10) 


Equation (10) shows that if 4-0 the efficiency =cos 0 and 
for maximum efficiency cos 0=1 or 0-0. 

When the diameter of the insulator 15 large or where the under 
surface of the insulator has a high resistance compared to the 
upper, d becomes very small and equation (10) very nearly 
approximates conditions in practice. 

By consulting the surface resistance curve, it will be seen that 
d will increase as the diameter of the insulator decreases, owing 
to the higher resistance of the zone of smaller diameter. 

From this it follows that in general, the smaller the diameter, 
the greater the permissible inclination. for maximum length 
efficiency. It also shows that where insulators of large diameter 
are used, the length efficiency will be lowered greatly with the 
inclination of the skirt or flange. 


DIELECTRIC STRENGTH OR THE ABILITY OF THE INSULATOR TO 
CARRY ELECTRICAL STRESS 


In service, the insulator must withstand two classes of stress; 
that of the line at normal frequency and voltage, and that of the 
high frequency surge. The insulator must opcrate indefinitely 
under the normal line potential, which affects every insulator 
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on the system. The surge, however, may throw a verv high 
stress on a few of the insulators, but only for an extremely short 
space of time. | 

For rehable operation, no insulator should puncture or fail 
by flashing or spilling. To produce 100 per cent reliability 
against flashing or puncture, would require a very large invest- 
ment in the line, but it is possible to obtain a high degree of 
reliability at a moderate cost for the line by using the suspension 
insulator. То prevent spillovers would require very large іп- 
sulators and the greatly increased cost would not be warranted 
by the small improvement in operation over that afforded by 
ordinary practice. With a spillover, the line may not be ap- 
preciably affected, but when an insulator punctures, the line is 
usually disabled until the faulty insulator is replaced. Since 
dielectric strength does not necessarily require an increase in size 
in the insulator and is of such great importance in affecting re- 
liability, more attention should be given to it in the insulator. 

In order to increase the reliability against puncture, it is 
common practice to test all insulators at a potential several 
times that of the line. This weeds out a number of the weaker 
insulators and improves the reliability, but owing to the time 
clement in effccting breakdown, does not insure absolute re- 
hability nor uniform strength. 

In the ordinary high-tension insulator, the testing stress 
compared to thickness 1s not high enough to puncture perfect 
material. When insulators of this type are tested, it is found 
that the breakage becomes less as the time of test increases, but 
is never entirely eliminated. 

In огасг to draw conclusions as to reliability in the insulator 
against puncture, it 1s necessary to studv the time puncture 
curves. These curves are constructed by noting the time that 
cach puncture occurs after the potential has been applied and 
plotting the per cent of breakage in respect to time. 

The greater number of pieces on which the curve is based, the 
more valuable will it become. 

Fig. 7 shows the breakage or time puncture curves for an 
insulator or part at two different potentials. When the dif- 
ference in test potential is not very great, a high potential for a 
short time eliminates practically the same material that a lower 
potential would, applied for a longer time, the curves being dis- 
cussed on this basis. 

Curve A shows a breakage of 2.2 per cent after 4 minute test 
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at 100 kv. In order to have eliminated. the same material at 
85 kv., curve В shows that it would have been necessary to test 
for 4.7 minutes. 

If the insulators which had received the 100-kv. test were 
tested for another $ minute at the same potential, there would be 
a loss of 1.2 per cent. If, however, the insulators which had 
received the first half minute test had been tested for $ minute 
at 85 kv., the loss would have been only 0.2 per cent or about 
& what it was at the higher voltage. 

The curves show that if the insulators had been tested for 
5 minutes at 100 kv., it would take a verv long time at 85 kv. to 
cause a breakage of one per cent. If in place of 85 kv. a potential 
of 50 kv. was applied, it might be a matter of days before one per 


cent had punctured. 


PUNCTURES- PER CENT 


TIME OF TEST MIN. 


Fic. 7. 


By having the breakage time curves, it 1$ then possible to 
construct the time potential curve which shows the relation be- 
tween time and potential to produce a certain per cent breakage. 

When the time potential curve and the stress carried by the 
different parts in the insulator are known, it 1s possible to predict 
the number of punctures in the complete or assembled insulator 
for any potential and time. 

By limiting the flashing potential, and having the curves and 
knowing the punctures on the line, some 14са as to the relative 
conditions in operation and test may be obtained. 

If a transmission system installed 50,000 insulators shown in 
curve A which had been tested to 100 kv. for one minute and 
the number of punctures were 10 for the year, the breakage 
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would be 0.02 of one per cent. The stress that would produce 
this breakage would run from the line potential to that of flash- 
over, most of the breakage being at the higher stresses during 
lightning storms, as most of the punctures in operation occur at 
near flashing potential of the insulator the time breakage curve 
for this potential should furnish a fair basis of comparison for 
punctures, providing the stress in service can be limited to this 
value. 

Curve A shows that after testing the insulators for one minute 
at 100 kv. the rate of puncture is 1.8 per cent per minute. 
From this it follows that to produce the same number of punc- 
tures at 100 kv. on the 50,000 insulators that occurred on the 
line, the stress would have to be applied until 0.02 of one per cent 


were punctured or for n A 0.0157 minutes. 


Reducing the stress 15 per cent from that in curve А gives 
punctures in accordance with curve B. The rate of breakage 
given by the 85-kv. curve on insulators first tested for one 
minute at 100 kv. is 0.18 of one per cent per minute as against 
1.3 per cent per minute on the 100-kv. curve and the breakage 
for the same interval of time might be expected to be reduced 
accordingly. 

From this it would follow that by constructing the insulator 
so that all stresses in practice would be reduced 15 per cent, the 


0.18 


punctures would be reduced from 10 to 13 of 10, or 1.38, esti- 


' mated from the time breakage curves. 

In the above example, the possible 86 per cent reduction т 
punctures can be made use of: in practice if all stresses are re- 
duced 15 per cent. This сап be approximated by the addition 
of a part to the insulator which would take 15 per cent of the 
stress. Ор to 100 kv. on the insulator this would be entirely 
satisfactory, but if the addition of the part increased the flash- 
over potential, the stress on the original insulators would not be 
kept down to 85 per cent under heavy surges, and the benefit 
of the added part would be partially, if not totally, lost under 
these conditions. 

By adding the part such that the flashover is not increased 
and 15 per cent of the stress 15 absorbed, the insulator would 
operate іп accordance with curve B, with an 86 per cent re- 
duction in punctures over that when operating in accordance 
with curve A. | 


gv, 
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To make full use of the 86 per cent reduction in loss in the 
above example, the stress at flashing potential on the insulator 
would not exceed 85 per cent of that which it received on test, 
or in other words, the insulators would have a tested factor of 


safety of A or 1.175. 


This is accomplished in large pin type insulators by designing 
the parts so that they will have a high flashing potential com- 
pared to the stress which they have to carry at flashover on 
the complete insulator, permitting of a tested factor of safety. 
In the suspension insulator, the section length 1$ reduced so 
that the entire insulator flashes before the tested or flashing 
potential for a part is reached. 

If in addition to providing a tested factor of safety at flash- 
over, the test be continued, the reduction in probable punctures 
will be made possible in accordance with the increase in re- 
liability shown by the time puncture curves. By testing to 
five minutes at 100 kv. in the above example, the rate of puncture 
is reduced from 1.3 рег cent per minute at one minute to $ of. 
1 per cent per minute, reducing the probability of puncture 
75 per cent or to one puncture about every three vears. 

It may be contended that owing to the time lag in the break- 
down of the air, that the impressed potential on surge will be so 
high that time puncture curves made at normal frequency will 
be of little value. While the time puncture curves made at 
different potentials and normal frequency may vary considerably 
from those made at high frequency and short time, the general 
characteristics would probably be the same, and a factor of 
safety based on the curves made at normal frequency would 
apply in general to operating conditions. 

There is such a marked reduction in loss at testing potentials 
by applying a small factor of safety, that 1t seems reasonable to 
assume that by making the tested factor of safety large and the 
air path over the insulator direct that the insulator may be 
made to withstand even the direct stroke of lightning. 

The chief value derived from the time puncture curves is 
a basis for determining the relation between cost of insulation 
and reliability. 

To give the same degree of reliability against puncture, the 
rate of puncture per minute at end of test should be the same, 
for similar insulators made at different times or by different 
processes or factories. 


1334 AUSTIN: SUSPENSION INSULATOR [June 27 

Fig. 8 shows the time puncture curves made on the same picce 
of ware at different factories. Curve С shows а loss at the 
end of the test at the rate 2.4 per cent per minute at 55 kv. 
Curve D gives for the rate of loss one per cent per minute at the 
end of the test. Some idea as to the effect of the reliability 
of the two lots of insulators may be gained by the performance 
of the above on test. If 10,000 of lot C were again tested 
for 10 seconds they would show approximately 60 punctures. 
While lot D when given the same test would show only 17. 

If the test potential is low compared to the stress which the 
part may receive in service, the time breakage curve may not 
give a proper comparison, for a piece which had a relatively very 
low breakage rate may have at a higher potential a high rate of 
puncture and a higher total loss. 


PUNCTURES -PER CENT 


10 29 30 40 М 60 80 
TIME OF TEST SEC, 


Fic. 8. 


It has been shown that insulators of given relability may 
have their reliability. greatly increased bv providing a tested 
factor of safety for severest conditions. When a tested factor of 
safety prevails throughout the insulator the flashing charac- 
teristics are very interesting. 

Fig. 9 shows a four-section insulator flashing from conductor 
to support, the arc forming through the ат. As this insulator 
has a tested factor of safety, the air path from conductor to pin 
was broken down before a flashing (or tested potential) was 
reached on any section. If the mechanical limitations would 
permit, the tested factor of safety could be further increased by 
adding another unit. without increa; ng the length. 
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Fig. 10 shows another four-section insulator of the same 
length as in Fig. 9, but in this instance the arc is seen forming 
over the surface of each part, since the arc picked up over the 
surface in the same way on test, it is reasonable to assume that 
the stress was approximately the same in each case. From this 
it would follow that when an insulator has the surface arcing 
characteristics that it can never have a tested factor of safety 
greater than one at flashover. If the sections in the insulator 
could be tested іп a denser atmosphere permitting of a higher 
test potential than that which would cause flashover in the 


Fic. 9. Fic. 10. 


assembled insulator, a tested factor of safety might be gained 
even though the arc, picked up over the surface in the insulator, 
at flashover. This method, however, is impracticable. 

Any insulator tested at flashover near sea level acquires a 
tested factor of safety when installed at a high altitude, owing 
to the lowered potential necessary to cause flashing at the greater 
altitude. 

Fig. 11 shows the free arcing characteristic in a pin type insu- 
lator having a tested factor of safety. Fig. 12 shows a pin type 
having the surface arcing characteristics. In this insulator 
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225 kv. was necessary to flash the insulator while the aggregate 
test potential of the four parts was in excess of 270 kv. That 
the excess in test potential does not provide a tested factor of 
safety for some part, is due to the surface arc being formed by 
flashovers on the parts individually until the arc is formed over 
the series. The insulator really fails at 200 kv. when a small 
shell reaches flashing potential and spills, throwing more stress 
on the remaining parts. By raising the potential slightly, one. 
of the other parts is overstressed, and the arc forms in cascade 
over the entire insulator, thus producing a flashing potential 
on every part equivalent to its test potential. 


Fic. 11. 


Owing to the lack of tested factor of safety and poor reliability 
in the ware, some designs of the disk type have shown up poorly 
at flashover and the diclectric strength of the single-piece disk 
type was unjustly condemned. 


THE DISTRIBUTION OF STRESS IN THE INSULATOR 


The sections may be regarded as electrostatic condensers in 
series, and if the same flux was carried by the dielectric in each 
member, the distribution of stress would be uniform. 

Е = potential applied to the insulator or series. 

1 = tested diclectric strength of a member of the series. 

e — drop in potential over or stress on a section. 

9 charging current for a section. 

C=clectrostatic capacity of a section. 
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For the electrostatic condenser e = 1 and for the series 


= _ +919 =9»_ 
Е=е,+е»-+ез..е= с. С. С.С. (12) 


Where there is the same diclectric flux 1п each insulator 
4іт4а-4з-44.. equation (12) may be written 


Es (сг сз с» си сз Cn Сі Са Са. Cn) (13) 


С1 Со Сз. . Сп 


Fic. 12. 


When сіт-С2-С3..С, corresponding to practice. Equation 
(12) becomes 


. 1 
Е- x (41-92-43. . Q4) (14) 
If bo h c and q are the same for cach member of the series, 


E- (1+1+1..n) (15) 
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From equation (15) we get the stress on each section 


4 


—- 


€ 


Hl. (16) 


When я is large enough, e becomes less than / and a tested fac- 


Г. : 
tor of safety "ES ob ained. 


: : t 
If E is the stress necessary to flash insulator, for ^b 


the arc strikes through the air from conductor to support, 
otherwise a flashing stress 2 would be placed on each section, 


t t ; 
апа = 1 ог v > 1, when parts have been tested below flashing 


potential. "Tests in the suspension insulator show that e varies 
for different sections and as c is the same for cach section, equa- 
tion (14) represents the series. 

The uncven distribution of stress 1s caused by part of the di- 
electric flux taking an air path. Owing to the position of the 
lower section practically all of the flux must pass through from 
metal to metal, making q larger for this section than any other. 
The upper section would also be expected to carry more stress 
than some of the others. 

Since 4 varies on each section, с must vary accordingly in 
order that uniform distribution of stress may result. To obtain 
uniform stress distribution in this manner would be very un- 
desirable for each section would be different from every other, 
and the advantage of interchangeable parts would be lost. 
Although impracticable for the suspension insulator, this 
method has been found very valuable in distributing stress in 
the pin type insulator. This method was used on some of the 
first high-efficiency disk insulators with good results. 

If the series is represented in equation (14) a uniformly 
tested factor of safetv for the series may be had by making / 
proportional to 4 for each section. This would necessitate 
sections of different size and would be more impracticable than 
varving the electrostatic capacity. 

Since 4 depends almost entirely on the electrostatic capacity 
of the series, a decrease in the electrostatic capacity of the series 
will produce a decrease in q. 
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The decrease іп electrostatic capacity of a given length is 
accomplished by decreasing the length of section so as to include 
more in the series. 

With the limits in practice it is possible to make 4 so low 


і А А : 
that T will provide a tested factor of safety against puncture. 


Although the tested factor of safety varies for different units in 


Fic. 13. Fic. 14. 


the series. Satisfaciory operation with a flashing stress on the 
insulator depends on providing a sufficiently large factor of 
safety for the end section. 

Owing to too grcat a section length in some single-piece disk 
suspension insulators, no tested factor of safety was provided 
for any of the units, and when tested to flash over, punctures 
occurred, giving rise to the opinion that the single-piece disk 
suspension insulator was inferior to the two-part disk suspension 
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insulator, while the opposite was the case with properly designed 
insulators. 

That stress distribution can be controlled: by change in c 
equation (18) 15 shown by the following cases: 

Fig. 13 shows a suspension insulator composed of two sections 
the upper having a small electrostatic capacity compared to 
the lower. In the position shown, 57 kv. was required on the 
small insulator to cause it to arc and a potential of only 62 kv. 
on the series caused the smaller to be stressed to its flashing 
potential. The photograph was taken with 62 kv. on the series 
and shows the charging current of the large insulator forming 
an arc over the smaller. To flash over the series, required 
150 kv. 

Fig. 14 shows an insulator of relatively small electrostatic 
capacity between two sections of larger capacity. When tested 
alone, flashing potential of the small unit was 57 kv. The 
photograph was taken with 97 kv. on the series, this being suffi- 
cient to overstress the small insulator, while 300 kv. was re- 
quired to flashover the series. When it is considered that the 
overstressed member shown in Fig. 14 adds but little to the 
flashover of the rest of the insulator, it is seen why some designs 
are very incfficient. 

The economic importance of producing reliability by de- 
signing the insulators for a tested factor of safety is apparent 
from the following: 

From the time breakage curve it 15 seen that the rate of break- 
аре decreased very slowly after the Кпсе of the curve is passed 
and it would take a very long time to produce the reliability 
that could be gained by testing for a short time and then pro- 
viding a tested factor of safety. Carrying the test for 15 minutes 
at 100 kv. gives a rate of breakage of 0.18 of one per cent per 
minute and a total loss 8 per cent. The same rate of breakage 
on the 85-kv. curve is obtained after 10 minute test at 85 kv. 
or a one minute test at 100 kv., the breakage being only 3.5 per 
cent. Hence by providing a factor of safety of 100/85 the same 
reliability is obtained with a test only 1/15 as long and a saving 
of 4.5 per cent material 1s made. 

That it is not necessary to lose any of the valuable charac- 
teristics in providing a tested factor of safety is seen by com- 
paring two 100-kv. insulators in the following table: 
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TABLE SHOWING COMPARISON OF 100 KV. LINE INSULATORS 


А | 
type Type B | 

Number of веспопв.......................... _ 6 
Number of shells рег весбпоп................. 1 
Олат ете оаа дада IR ie M E 10 іп. 144 in. 
Length of іпвшафог.......................... 344 in. 41 in. 

' Mechanical бітеп іІҺ......................... 10,000 8,000 

' Weight of рогсе1аїп......................... 30 Ib. 62 Ib. 

| Total уе!һї................................ 50 1b. 90 lb. 
Number of cemented joints.................. 12 12 

| Formation of агс--а4гу....................... Through air Over surface 

| Formation of атс-мей....................... Through air Over surface 
Total tested dielectric strength............... 540 kv. 440 kv. н 

| Surface гевізбапсе........................... К 527 К 440 | 

' Minimum to maximum width of leakage path in 

| рег Сеп аР 16 10.6 

| Wet йазһоует............................... 265 235 
Depreciation due to loss of опе section.......... 164% 25% | 


Fic. 15b. | Fic. 15а. 


The table shows that type А not only has a higher rating but 
has only half the weight of porcelain and a shorter length. 

The efficiency of type B 1s lowered by the overstressing of the 
small inner shell. The inner shell owing to its smaller electro- 
static capacity spills in the same manner as the small insulator 
in Fig. 13, causing the flashing of the insulator at a comparative 
low potential. 


Fig. 15 shows a comparative test on the two types. The 
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illustration shows а two-section insulator—diameter 143 in. 
(36.8 cm.) length 201 т. (52 cm.) weight 45 Ib. (20.4 kg.)— 
type B, flashing while a three section insulator—diamcter 10 in. 
(25.4 cm.) length 171 in. (42.8 cm.) weight 25 1b. (11.3 kg.)— 
of type A, which is in multiple. has not reached flashing potential. 


MECHANICAL STRENGTH 

The cemented suspension insulator would have come into use 
at an earlier date for high-tension work if there had not been 
doubt as to its mechanical reliability. Although some of the 
insulators made over 40 vears аро had the iron cap and pin 
cemented to the insulator membcr much in the same way as the 
modern suspension insulator, the method was practically aban- 
doned. When it was proposed to adopt the type for high-ten- 
sion work, it was considered that an interlocking feature was 
highly desirable. There seemed to be no doubt as to the ability 
to cement porcelain to porcelain successfully, but there was doubt, 
however, in regard to the successful cementing of porcelain to 
metal, as there had been some reported failures of large pin-type 
insulators where a large pin had been cemented into the insu- 
lator. А careful consideration of the relative coefficients of 
temperature and clasticity for porcelain and iron indicated that 
the two could be used together successfully, for the range 
in temperature and mechanical stress to which the insulator 
would be subjected. 

The most feasible mechanical arrangements of parts placed 
the cement in shear and as there was no data at hand, the shear- 
ing stress of cement was computed by estimating the shear from 
cement cubes which failed by shear when tested to compression. 
Designs made as carly as 1904 by using this method proved to be 
correct within a very small per cent. | 

Porcelain has a tensile strength of approximately 2,500 Ib. 
(1,133 kg.) per square inch (6.45 sq. cm.), good cement has a 
shearing ultimate of over 1600 Ib. per square inch. By making 
the gripping surface of the pin and pin hole efficient, the full 
shearing strength of the cement is developed and a high me- 
chanical ultimate is obtained. Tests on some old insulators of 
this tvpe gave an ultimate of from 10,000 to 12,000 Ib. (4,535 to 
5,413 kg.). 

Fig. 16 shows an insulator which broke at a little over 12,000 Ib. 
When stress is applied the pin elongates straining the porcelain, 
and at the ultimate the porcelain fails by combined shear and 
tension, this causes the break in Fig. 16. 
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The insulator may be designed so that the pin will pull with- 
out breaking the porcelain for the same ultimate, by changing 
the diameters of pin and gripping surface so that the shearing 
strength of the cement is reached before a breaking stress is 
developed in the porcelain. 


Fic. 16. 


The mechanical reliability of insulators based on the shearing 
strength of porcelain is well recognized, and insulators used for 
the highest stress are of this type. 


WARS 
NS 
ЗА 


Fig. 17 shows the detail of ап insulator of this type used on 
heavy catenary work where a failure would be very serious. 
The insulator is designed for а combined mechanical and еісс- 
trical ultimate of 35,000 Ib. (15,875 kg.) and 110 kv. 

In the economic design for high ultimate mechanical strength 
careful consideration must be given the stresses, produced by 
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change in temperature and relative cocfficients of elasticity for 
the different materials as well as the shearing stress on the 
cement, making the problem rather difficult. 

For the same cost, the cemented type is much more rcliable 
than any interlocking type, for its connections may be tested, 
eliminating the personal factor. Practice has shown that unless 
the interlocking parts are large, the arc at puncture may destroy 
the connections, as the interlocking connections do not always 
come in contact. 

The cemented type may blow up on short-circuit, but it is a 
question whether this would not be an advantage in locating a 
fault. 

Reliability in practice depends on testing all insulators and 
connections, eliminating any weak members. Connections 
must be simple and positive, otherwise when installed on the line, 
poor workmanship may lower the mechanical reliability. The 
connections should be such that the replacement of a broken 
section may be quickly and easily made. ] 

High mechanical strength is obtained in the high-efficiency 
type by making the gripping surfaces effective and developing 
the full shearing strength of the cement, permitting of very 
small metal parts. "This is important as the metal in the insulator 
is a large part of the cost, and to obtain insulation with large 
metal parts it 1s necessary to increase the size of the porcclain 
for the same amount of insulation. 

The remarkable improvement іп efficiency has not been con- 
fined to the suspension insulator alone, great improvement being 
made in the pin type as well. With improved manufacturing 
conditions greater improvements will be possible, reducing the 
cost of reliability in the transmission system. 

The electrical advantages of efficiency in design are greater 
dielectric strength, high surface insulation and lower deprecia- 
tion. Тһе economical advantages are lower cost of production, 
lower weights, resulting in a saving in transportation and сгес- 
tion, greater length efficiency, permitting of a saving, in the 
suspension type, in the height of towers and length of cross arm. 

With the increase 1п the size of the transmission systems relia- 
bility will be more important, and the elements of reliability 
in the insulator will receive more of the attention that they 
deserve. 
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Discussion ON “ PROPOSED APPLICATION OF ELECTRIC SHIP 
PROPULSION ", SCHENECTADY, FEBRUARY 16, 1911. (SEE 
PROCEEDINGS FOR FEBRUARY, 1911). 

(Subject to final revision for the Transactions.) 

C. P. Steinmetz: Mr. Emmet's paper on electric ship propul- 
sion describes one of the most important and material advances 
in modern marine work, and more particularly in that highest 
product of naval engineering, the modern battleship. In the 
propelling machinery of the ship, the condition which 15 fore- 
most, before anything else, is to secure the highest possible weight 
and space economy, and the power economy to some extent 15 of 
importance only in relation as it determines the weight and space 
economy, especially so in military vessels. Any decrease of the 
weight and space of the propelling machinery means more space 
for coal, any increase in the efficiency of the propelling ma- 
chinery means more distance traveled or higher speed, with the 
same amount of coal. 

The two most important requirements ot the military vessel 
are the highest speed in action and the greatest radius of opera- 
tion at cruising speed. 

Of all the prime movers available in ship propulsion, the most 
efficient one is the steam turbine. The internal combustion en- 
gine may somctime be developed. At present its weight is not 
such as to make 1t worth considering where large amounts of 
power are required. However, the steam turbine has some 
serious disadvantages in its use for ship propulsion. It is es- 
sentially a constant speed motor, analogous to the shunt motor, 
while the reciprocating stcam engine is a varving speed machine 
similar to the series motor, that is, in the reciprocating engine, 
the theoretical thermodynamic efficiency 1s independent of the 
speed, while in the steam turbine it is maximum at a certain 
definite speed, decreasing above and below this speed. For 
many fields of ship propulsion, constant speed 1s suitable, as in 
the transatlantic liner, etc. But in the battleship, we must 
have two economical speeds: one very high speed, the speed of 
action; there we require the highest possible efficiency to get the 
maximum speed, since the existence of the ship, its life, may de- 
pend on its rapid movement. But this speed 1s used rarely; 
many ships may pass through their lives without ever being 
called upon to develop that higher speed except in trial runs, 
because it is only used in battles. А much lower economical 
speed 15 essential for efficient cruising; the cruising speed, about 
60 per cent of the racing speed. Тһе operating radius of the 
ship, and thereby its usefulness, depends on the efficiency at this 
speed, and maximum efficiency thus must be reached at this 
cruising speed as well as at battle speed. 

A constant speed machine such as the turbine, is not suited 
to operating at very different speeds with equal, and highest 
efficiency, but an electric motor can do that. We can have an 
electric motor operating with equal efficiency at two or more 
speeds, and therein lies one of its advantages. 


1346 ELECTRIC SUIP PROPULSION [ЕеЪ. 16 


At first sight the method of interposing between the turbine 
and propeller shaft an intermediate link, the generator and 
motor, appears indirect, and therefore less desirable than the 
direct drive of the propeller. However, such objection does not 
apply where electric power is used, because after all, all applica- 
tions of the electric motor are indirect, intermediate links be- 
tween a prime mover and the load. The electric motor does not 
generate power, but merely delivers the power which 1$ gen- 
erated somewhere else. It is an indirect method of supplying 
power where it is being used. That it is used to a rapidly in- 
creasing extent, is due to the superiority of the electric drive in its 
flexibility, convenience, reliability, etc. For instance, in the 
case of long distance transmission. We cannot bring the water 
power to the city, but we can take the motor to the end of the 
transmission line. Wecannot put a steam engine at every group 
of machines, but we can have a highly efficient steam engine or 
turbine driving the generator and have a motor at every shaft. 
In ship propulsion, the advantage which we gain by the motor 
are its flexibilitv, especially regarding speeds. The economical 
speed of the steam turbine and the economical speed of the ship's 
propeller are widely distant, and it is not possible to compromise 
between the two and get both speeds together without a material 
sacrifice of efficiency, as the history of all steam turbine ships 
has shown. 

The steam turbine is essentially a high speed machine, since 
steam is the operating medium in the turbine, and the velocity 
of rotation must be related to the velocity of the medium. The 
velocity of steam expanding from boiler pressure to a vacuum 1s 
nearly 2000 meters per second, over a mile per second. This 
velocity is from two to three times as great, the kinetic energy 
from four to nine times as great as that of the modern high 
velocity rifle bullet. It is a speed which would carry us across 
the continent from New York to San Francisco in less than one 
hour. Тін speed we have to control in the turbine engine. 
We break it up into a numbcr of steps. But we have to realize, 
when we use a number of expansion steps, we subdivide, not the 
velocity, but the energy which is proportional to the square of 
the velocity; to get down to low velocities in this manner, means 
very many expansion steps, and a correspondingly low space 
and weight economy, and also lower power efficiency. That 1s, 
the low speed steam turbine 16 inefficient. 

Some data on efficient propeller speeds are given in Mr. 
Emmct’s paper. This data to my mind does not yet represent 
the actual conditions because they give the propeller as орст- 
ating under normal conditions. We know that in anv apparatus 
when vou compare the different possibilities, 1t 1s not only the 
normal condition of operation, but the emergency or abnormal 
conditions, which are the criterion on which we have to rely in 
judging reliability, ctc. The greatest emergency in ship pro- 
pulsion is the rapidity of reversal, when the propeller is called 
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upon to give the maximum possible torque to stop the ship as 
quickly as possible, because the existence of the ship may depend 
on the rapidity of stopping. This is the condition where the 
difference between the high-speed small propeller and the slow- 
speed large propeller is greatest, because the maximum thrust 
which the propeller can exert, depends on its diameter, and is a 
function of the square of the diameter of the propeller, that 1s, 
the thrust per unit area of the propeller, positive at one side, 
negative on the other side, is limited. On the negative side, the 
suction thrust can not exceed the pressure exerted by the at- 
mosphere and the head of water, and is between one and two 
kilograms per square centimeter. If we try to drive faster, a 
vacuum is created, and the propeller docs not act properly on 
the water any more, looses its grip, what 1s called cavitation. 
The thrust at which cavitation begins, 1s depending on the square 
of the propeller diameter, that is, the arca of water acted on 
bv the propeller, and here it is 
where the low speed, large pro- 
peller shows its greatest superiority 
in its effective operation in revers- 
ing, accelerating, stopping. Thus, 
the high-speed propeller is inferior 
in efficienev, and control. Аз the 
result, in its application directlv to 
the ship's propeller, the steam 
turbine is greatly, and in slow- 
speed ships, as colliers, almost 
hopelessly handicapped, and at the 
best, in high-speed transatlantic 
liners, gives а performance greatly 
77 inferior to that, with which we аге 
11 0.20.3 0.4 0.5 0.6 0.7 0.80.0 1.0 familiar in the high-speed turbines 
FORWARD SPEED OF SHIP of all electric generating stations. 
Fic. 1 One of the most important ad- 
vantages, which the use of the 
electric drive holds out, 1s the possibility of a much more rapid 
stopping and reversing of the ship, more rapid than the steam 
turbine or even the reciprocating engine can give. The curves 
given in Mr. Emmet’s paper show а full speed reversing 
torque of the motors as 133 per cent of the torque required to 
drive the ship forwards at full speed. It 1s obvious that in a 
flexible apparatus, such as 1n the induction motor-generator, we 
could, by changing the rotor resistance, increasing the generator 
excitation, and draining the boilers of steam bv feeding momen- 
tarily an excess of steam into the turbines, still greatly increase 
the reversing torque, to practically any reasonable value, if it 
were needed. But the paper states that it is not needed, since 
experience has shown that the condition of reversal is satisfied 
Бу a reversing torque equal to 60 per cent of full load torque. 
This appeared somewhat startling, and it took me some time to 
grasp its significance. 
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The paper shows the torque required for the propulsion of the 
ship, as function of its speed. This is reproduced as J in Fig. 1, 
in fractions of full speed torque. 

The torque required to drive the propeller backwards for dif- 
ferent forward speeds of the ship, is shown, approximately, as 
taken from tests of propeller models, by curve II. It is given in 
fractions of the torque required for full speed forward drive. 

Ав scen, at full forwards speed of the ship, it would take 
nearly three times full load torque, to start the propeller back- 
wards. Тһе torque of 60 per cent of full load torque, which 15 
claimed to be sufficient for reversal, is reached at a ship's speed 
of 46 per cent of full speed. "That is, with a rcversing torque 
equal only to 60 per cent of full load torque, the propeller could 
be started backwards onlv after the ship has spontaneouslv 
decreased in speed by the water friction, to less than half speed. 


10 20 30 10 20 ы) 70 MO 90 100110120 130 
TIME,-SECONDS 


Fic. 2 


If then 60 per cent of full-load torque is sufficient for reversal, 1t 
seems, that the time required in stopping and reversing the 
reciprocating engines or turbines 1$ so long, that in this time the 
speed of the ship has decreased greatly, and the ship traveled 
forwards a considerable distance. 

In curve I of Fig. 2 is given the calculated deceleration curve 
of a tvpical battleship of 20,000 tons. Ав seen from curve I 
of Fig. 2, the initial deceleration is very rapid, and 46 per cent 
of full speed is reached after 24 seconds. During this time, the 
ship has traveled 580 ft., as seen from the time distance curve II 
of Fig. 2. 

With a reversing torque equal to 60 per cent of full torque, 
the ship would thus have traveled 580 ft. before the propeller 
begins to retard. With the electric drive, 16 should be possible 
to reverse the motor in emergencies in five seconds or less, that is, 
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after the ship has drifted onlv 150 ft. or less. Then a reversing 
torque of 1.87 times full load torque would be required, and the 
drift of the ship would be reduced by over 400 feet. 

It thus seems, that the introduction of the electric drive 
. would not only give an increase of space, weight and powcr 
efficiency, and thereby an increase of the maximum speed and 
an increase of the cruising radius of the ship, but also a material 
increase in the promptness of control, especially under emer- 
gency conditions, as exemplified bv a great increase of the 
rapiditv of stopping the ship from full speed. 

Gano Dunn: The subject of the moment is another demon- 
stration of the old adage that the longest way around 15 often 
the shortest wav home. We saw this first demonstrated when it 
was proposed to introduce electric drive into factories. 

There was no dispute that a revolving shaft would more 
efficiently transmit а given power to a given place, vet as а sys- 
tem of distribution the electrical method was far ahead in cffi- 
ciency and had manv other advantages besides. 

The Heilmann locomotive was a second demonstration. This 
locomotive might be described as one of Mr. Emmet's ships оп 
a railroad track. It was an attempt to dissolve the affectionate 
connection that for so long had existed between cylinders and 
wheels and the reason it has not been heard from, as I believe 
Mr. Emmcet's ship will be heard from, is it did not have the 
advantage of turbine efficiency апа cost 1n its prime mover. 

In the ship of the paper there arc no cvlinders to be divorced, 
the turbine and propeller each chooses its own condition of 
maximum commercial efficiency, high speed for the one and 
low spced for the other. Independence of direction of.rotation, 
advantages of remote control, and remarkable facility of ad- 
justment are linked together bv an electromagnetic connection 
that renders these advantages possible. 

It is advantages like these that stand out so strikingly in Mr. 
Emmet's paper and not solely the advantages of efficiency that 
are behind the enormous and rapid growth of electrical applica- 
tions. This growth is because we can do things bv electrical 
methods that we cannot otherwise do. 

It might be said that until the present generation our onlv 
means of transmitting power was matter. We had mechanical 
svstems and the distances over which thev could operate and 
the things they could do, were limited, but now we substitute 
ether and receive such lavish endowment in increased flexibility, 
adaptabilitv and efficiency that we are affecting the character 
of civilization. 

It is unfortunate that turbines and propellers are most com- 
fortable at the opposite ends of a wide range of spced. 

An enormous amount of attention has been given to the de- 
velopment of a mechanical gear for connecting them. and efforts 
have been turned in the direction of making this gear more or 
less flexible. 
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The electromagnetic connection which Mr. Emmet’s paper 
describes is flexibility in perfection. It gives that soft and fluffy 
contact between the power and its work that the flexible gear 
men are trying so hard to get in their mechanical devices. 

It is no small pleasure as electrical enginecrs that we sec a 
third important mechanical problem solved by electrical means, 
and as usual, the solution solves more than the problem. We 
are presented with advantages of control and adjustability that 
we were not looking for. 

Maxwell W. Day: It is characteristic of Mr. Emmet to take 
large steps in advance, rather than small ones, and this case is 
not an exception as the following facts show. 

There are thrce small vessels іп Europe of 1150 tons and less, 
using internal combustion engines with generators and electric 
motors, two of these vessels being arranged with magnetic 
clutches so that reversing and manouvering can be done by 
the electrical equipment, but at full speed the magnetic clutch 
is thrown in and the propellers are operated directly from the 
engines. 

The German Navy has a salvage ship for submarine torpedo 
boats operated by steam turbo generating sets and clectric motors. 
This vessel is used for charging, docking, and raising submarine 
torpedo boats. 

In our own country the two principal cases are those of the 
Chicago fire boats, equipped with turbine driven generators and 
electric motors, also operating on the Leonard system. These 
boats can be perfectly manouvered by the pilot without the use 
of any signals to the engineer. With the electric arrangements 
proposed by Mr. Emmet for handling the largest vessels, the 
time for stopping and reversing the propellers will be very much 
reduced from the time required in the present steam practice. 
I noticed particularly the long time required for this on the 
Steamer Harvard, as the signal from the pilot must be answered 
by the епріпсег, one throttle closed and another opencd in order 
to reverse the propellers. 

W. B. Potter: It has been suggested that it would be of 
interest in connection with Mr. Emmet’s paper on electric drive 
as applied to marine service, to mention something concerning 
electric drive as applied to self-propelled motor cars using a gas 
engine for prime mover. 

The gas engine and the steam turbine have a similar charac- 
tcristic іп that both are materially affected by a decrease in the 
number of revolutions. For reasons of economy with respect 
to weight and fuel consumption, it is desirable that the gas 
engine should be no larger than necessary to deliver the power 
required to drive the car at full speed. The electric drive pro- 
vides a means of delivering the full power of the engine from the 
moment of starting up to full speed with a tractive power 1n- 

ersely proportional to the speed and limited only by the 
slipping of the driving wheels. 
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It might reasonably be asked why a mechanical drive would 
not be as suitable for these large cars as for automobiles, es- 
pecially since the cars run on a smooth track with much less 
friction per ton than rubber tired vehicles on an ordinary road- 
way. The value of the electric drive lies principally in its 
ability to provide the high tractive force required to accelerate 
the greater mass of the motor cars, which weigh from 35 to 50 
tons. To do this with mechanical drive and utilize the power 
of the engine as advantageously as with electric drive, would 
require а prohibitive number of gear changes. 

The maintenance of the schedule is an important factor in the 
operation of a motor car and to accomplish this, it 15 very de- 
sirable that the power of the engine be used to the best advantage 
during acceleration. The generator, which is directly connected 
to the engine, is provided with a field control regulated by a 
switch operated by the engineer. This switch 15 located within 
the controller which also has contacts for connecting the motors 
in serics or parallel and for reversing the direction of movement 
in the manner usual on a trolley car. 

Reliability of operation with respect to the transmission of 
power from the engine to driving wheels, is well insured as the 
apparatus and devices used are similar to those on electric cars. 

The cars are usually from 56 ft. to 70 ft. long and are divided 
into compartments to provide so far as the service is concerned, 
а complete train within a single саг. The supply of fuel carried 
is sufficient for a run of approximately 200 miles. 

Electricity has been generally considered in connection with 
transmitting power to a distance but its advantages as a flexible 
connection between the prime mover and utilization of the power, 
do not seem to have been fully appreciated. In both marine and 
railway service I believe the electric drive has an important field 
of development. 

Н. А. Mavor (by letter): The propositions made by Mr. 
Emmet and the calculations there anent are of the greatest in- 
terest and it is reasonably certain that the claims which Mr. 
Emmet makes for economy can be fully realized, but the ma- 
chinery arrangements shown in the paper are hable to hostile 
criticism from marine engineers. They would doubtless be 
justified in saying that while the arrangements shown would be 
perfectly feasible and probably quite satisfactory on a land in- 
stallation, at sea the use of such appliances in the manner 
described and on the scale proposed would be a somewhat bold ex- 
periment. The writer of the paper would doubtless be the first 
to admit that confidence іп such arrangements must grow with 
experience. 

Apart from апу objections which may be made bv marine 
engineers it is evident that 1n laying down a scheme for marine 
propulsion the simplest possible expedients should be adopted 
and for this reason it appears to the present writer that all 
arrangements requiring the use of delicate instruments of pre- 
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cision, or of resistances to absorb large powers, or of subdivisions 
of the plant and arrangements thereof which involve running 
generating units in parallel, are to be scrupulously avoided. 
The general objects to be attained may be stated as follows: 

1. To provide a simple, trustworthy, and economical means 
of adapting the power generator to the propeller so as to permit 
of differences in speed essentially associated with the different 
characteristics of the power generator and the propeller. 

2. To provide means for changing the specd ratio between 
the generator and propeller so as to permit of the power of the 
generator being developed under the most favorable conditions 
at all speeds of the ship. "This change of speed ratio should be 
accomplished without interfering with the efficiency of the ap- 
paratus under full speed conditions or with the satisfactory de- 
sign of the equipment. 

3. To provide a ready means of reversing the direction of rota- 
tion of the propeller without changing the direction of rotation 
of the power generator. 

4. To provide means for applving the power of one or more 
engines to one or more propellers so that the power gencrating 
units may be so disposed as to give the highest cfficiency and 
when they аге not required they may be stopped. 

This object should be attained without the necessity for paral- 
leling the electric generators. 

Mr. Emmet's proposals appear quite satisfactory in respect 
to object No. 1. 

In respect to object No. 2 it does not appear that the pole- 
changing devices can be reduced to the simplicity necessary 
for satisfactory operation instantaneously at the word of com- 
mand or signal from the bridge. 

The third object Mr. Emmet appears to have satisfactorily 
attained. 

The fourth object is more difficult of attainment by ordinary 
methods. The writer believes he has solved the problem by two 
methods which have been described by him in a paper read before 
the Institution of Civil Engineers in London, December 1909. 
For most purposes where there is more than one generating 
unit, in the present writer's opinion, the motor described in that 
paper, mects the conditions in an extremely simple and effective 
mauner. Each motor has as many windings as there are power 
generators on the ship. These windings are absolutely normal 
in character and the pole numbers are so designed that they all 
suit the same slot number. At full power cach generator feeds 
into its own winding and if the windings are so arranged in re- 
spect of pole numbers that thev are mutually non-inductive the 
generators do not require to be synchronized or run in parallel 
апа тау be switched in anywhere near the proper speed. Тһе 
pole numbers of the several windings need not be very far apart 
but of course they must all result in association with gencrator 
periodicity in the same shaft speed. 
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The writer has built and equipped a small vessel to illustrate 
the principles on which a plant of this tvpe can be worked and he 
has been astonished to find how difficult it is, even with so simple 
an equipment, to keep down the number of parts and to preserve 
the straightforward character of the work. It must not be for- 
gotten that while in many respects the marine engineering prob- 
lem 15 much simpler than ordinary transmission of power on land 
and that many of the difficulties with which the land engineer 
is faced are entirely eliminated at sea, there 15 one prime re- 
quirement which must be kept in hand and every necessary arti- 
fice adopted to preserve it, viz.: That the engineer shall be able 
instantancously to produce the result called for by the working 
of the ship. He must not have to stand and wait till his plant is 
run up to synchronism before he can close his switches. The few 
seconds required to do this may give time for a collision to occur 
or for the ship to go ashore. 

Experience in the use of the “ multiple motor " equipment has 
already shown that the alternating current applied in this wav 
is beautifully adapted to the purpose and is infinitely superior to 
any conceivable continuous current arrangement. To bring out 
this point would require a full description of the machinery and 
trials, and as the experimental vessel has only done preliminary 
trials the time has not yet come for describing them, but the 
results so far are very encouraging. There does not appear to 
be any need for resistances in the secondary circuit. 

C. Н. Peabody and Н. С. Knox (bv letter): This paper by 
Mr. Emmet, on account of his previous experience in the Navy 
and his present position in a great electric company, challenges 
both our attention and our appreciation of his attempt to solve 
one of the most difficult engineering problems of the day. 

The Jimited application of steam turbines to the direct pro- 
pulsion of ships 1$ well understood—by none better than by 
turbine builders. To extend their range, a number of devices, 
mechanical and electrical, have been proposed; though none 
has yet won its way to general acceptance, it appears likely 
that some or all may succeed when applied to merchant ships. 

The most difficult problem of all is that to which Mr. Emmet 
has turned attention, namelv obtaining a good steam efficiency 
for battleships, both at full speed and at cruising speeds. A 
mechanical reduction gear, 1f applicable to the enormous power 
developed on battleships, might give some amelioration of 
conditions for both services, but would be subject to the me- 
chanical compromise now accepted both for reciprocating engines 
and turbines. None of the several electric devices preceding 
that offered by Mr. Emmet, such as the use of induction gen- 
erators, frequency changers, and induction motors ш con- 
catination, appear to be adapted to warships, for though they 
offer several speeds, there is no provision for that nice adjust- 
ment of speed required for station keeping. The combination of 
pole changing coupled with rotor resistance, and direct control 
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of the speed of the turbines proposed by Mr. Emmet, appears 
to meet this feature completely. This and his estimated steam 
economy at all speeds makes his proposition exceedingly at- 
tractive, especially as he claims for it simplicity, strength, and 
light weight. 

Naval architects generally have comparatively limited ac- 
quaintance with large electrical undertakings involving the use of 
alternating currents, and may not appreciate the precisions 
that can be assured to computations of electrical efficiencies and 
steam economies of turbo-generators; they can, however, under- 
stand the weight that must be given to the results offered in this 
paper. They entirely appreciate the advantages of choosing 
favorable conditions for the propellers. 

Sca-going men may look askance at a voltage of 2700 proposed 
by Mr. Emmet as a maximum in his device; but this is only a 
little in excess of standard voltages in common use for all sorts 
of purposes in all sorts of places. In reality the conditions on 
shipboard are comparatively favorable especially in the engine 
room. Тһе leads carrying the great currents at high voltage are 
short апа can һе completely protected so as not to call for 
apprehension; certainly not so much as steam pipes with 260 Ib. 
pressure. 

The resistance units may need to be demonstrated under actual 
conditions, especially to show that convection currents in the 
cooling water are sufficient to take care of the heat generated at 
an enormous rate, even though it be admitted that the action is 
momentary; attention should be called to the fact that the re- 
sistance grids displace a considerable volume in the cylinders 
containing them, and also impede the circulation. Perhaps а 
circulating pump may be desirable until experience has been had. 

Mr. Emmet emphasizes the advantages of a large propeller 
and a good torque for stopping and reversing, and estimates 
that 60 per cent of the full load torque would be sufficient. He 
doubtless has in mind that the torque should be applied gradually 
or there may be danger of excessive stresses in the propeller 
blades. 

After what has been said concerning precision of computation 
of electric efficiency and steam economy, we must not carp at 
his estimated steam consumption per shaft horse power; they arc 
certainly verv favorable when from them allowance must be made 
for frictional and electrical losses. Іп this connection it may 
not be out of place to call attention to the reported water rate of 
the /Jarvard* which used 14.7 lb. of steam per shaft horse power 
in the turbines. This may be allowed to emphasize the objection 
to the trial of Mr. Emmet’s schemes on a collier, when, truly, it 
тау demonstrate its practicability, but not its efficiency; es- 
pecially as tested against a turbine with mechanical reduction 
gear. 


* Trans. Society №. А. & M. E., 1908. 
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DIscussION ON “ CONVENTIONS IN CLOCK-DIAGRAM REPRE- 
SENTATION ”, “ THE DIRECTION OF ROTATION IN ALTER- 
NATING CURRENT VECTOR DIAGRAMS.’ SCHENECTADY, 
FEBRUARY 16, 1911. (SEE PROCEEDINGS FOR FEBRUARY, 
1911.) 


(Subject to final revision for the Trunsuctions.) 

С. Г. Hoxie (by letter): Mr. Berg’s paper presents very 
clearly certain undoubtedly valuable features of the polar-dia- 
gram-representation of alternating quantities. This kind of 
diagram has been made familiar to us in this country mainly by 
the joint writings of Messrs. Berg and Steinmetz. It seems 
to me, however, that the question is not so much that of selecting 
a “© proper " method of graphical representation, to the exclusion 
of other methods, as a question of selecting for a given case the 
method best adapted to it. | 

In the teaching of alternating currents to undergraduates, it 
has been my experience that some students will pick up an idea in 
one wav and some in another, and that the teacher should 
present the same matter from as many angles as possible, and 
with almost endless repetitions. It would seem that the ma- 
jority of students find the rectangular coórdinate system most 
readily grasped. А few others will find that the polar system, 
illustrated in Figs. 2, 3 and 4, seems simpler. There will also be 
some students who will understand the rectangular diagram 
(Fig. 1), first, and thereby be helped to grasp the meaning of 
the polar diagram, which latter they will thereafter prefer. 

All of this however has to do with the explaining or describing, 
of phenomena. As Mr. Berg very truly says, the teacher must 
dwell a long time on instantaneous variations, and the student 
gets his first clear understanding from the rectangular and polar 
systems described іп the paper. The idea of rotating and pro- 
jecting a vector, particularly when the length of the vector 1$ not 
constant, 1s unquestionably more difficult. 

After the student has been thoroughly grounded on the gen- 
eral features of the alternating circuit, so that he understands 
pretty well what we mean when we speak of leading and lagging 
currents, how currents combine in three phase circuits, and in 
various unbalanced circuits; or in short when he has a good gen- 
eral qualitative knowledge, it is necessary to introduce him to some 
tools to use іп solving problems. From this point I believe the 
rectangular and polar diagrams should mainly be dropped, being 
occasionally introduced in connection with some particular 
problem to refresh the comprehension of instantaneous conditions. 

The notion of vectors, the idea of projection, and the complex 
quantity, should be explained. The analytical and graphical 
conventions of the complex quantity should be learned, and the 
effective values of currents and electromotive forces (considered 
thereafter rather arbitrarily as directed quantities), should then 
mainly be dealt with. Usually, at first, solutions should be 
graphical, carefully making diagrams to scale—and later on 
analytical, making use of the complex quantity. The conven- 
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tions that were used some years ago by Dr. Kennelly, іп an 
Institute paper dealing with hyperbolic functions, seem to me the 
best ones to follow. 

. [entirely agree with Mr. Berg as to the desirability of cutting 
out complex mathematics. If any mathematics looks complex 
to Mr. Berg, it 1$ not likely that many Institute members will 
care to spend much time on it. 

Charles P. Steinmetz (by letter): It is regrettable that two 
different representations of alternating vectors exist, of which 
the one appears like the mirror image of the other. The diffi- 
cultv extends to the symbolic representation of the vectors, as 
in the one, the time diagram, inductive impedance 15 represented 
by Z 2 r—J x, and in the other, the crank diagram, by Z=r-+ 7 x. 

It would be very desirable to reach an agreement on vector 
notation, but this does not seem feasible, due to the apparent 
impossibility of getting an intelligent decision on the subject, 
as many of the men who discuss the subject and write on it, are 
famihar with one representation 
only, but never have taken the 
trouble to understand the other 
representation, but, since it 
appears like the image of the 
notation familiar to them, merely 
assume 1t to be rotation in op- 
posite direction. All the briefs 
written on the matter do not 
appear to change the condition, 
since they do not seem to be 
read. It appears hardly fair and 
reasonable to accept the judg- 
ment of somebody, who has not 
taken the trouble to understand Fic. 1 
the subject, on which he judges. 

To some extent, an illustration hereof 1s the title of the Insti- 
tute discussion “ On Vector Rotation ”, though it is not a ques- 
tion of rotation at all, as both methods rotate in the same direc- 
tion, counter-clockwise, but a question of notation, that is, of the 
meaning of the vector. 

If the difference in the two representations were merely the 
difference in the direction of rotation, the symbolic representa- 
tion would be the same: since +7 mathematically represents an 
angle 90 degrees behind +1, +7 1n the crank diagram represents 
a vector, which has moved 90 degrees farther, that is, is ahead 1n 
rotation, or leading the vector +1, regardless whether the direc- 
tion of rotation is counter-clockwise or clockwise, and in the time 
diagram, +7 represents a vector of a phase, which 1s 90 degrees 
later in time, than +1, that 1s, lags Бу 90 degrees, regardless 
avain, whether the rotation is clockwise or counter-clockwise. 
The mere fact, that the symbolic denotations of the two repre- 
sentations are different, should make it evident to anybody, that 
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the difference is not a mere difference in the direction of rotation, 
but a difference in the meaning of the vector. 

In my opinion, the question is, whether we should have one 
vector representation, or two different forms of vector repre- 


Fic. 2 


sentations. Both, the crank diagram and the time diagram, 
represent sine waves about equally well. The crank diagram, 
however, is practically limited to the representation of sine waves, 
while the time diagram, 
which is nothing but the 
standard system of polar co- 
ordinates of analytic geom- 
ctry, can also represent com- 
plex waves and even non- 
periodic phenomena, as they 
exist in alternating current 
circuits as electrical trans- 
ients. As long as the elec- 
trical engineer will have to` 
deal with distorted waves 
and with electrical trans- 
ients, in their graphic repre- 
sentation the polar содг- 
dinates, that 1$, thc timc 
diagram will by necessity Бе 
used, and the question then 
i5, whether the same dia- 
Fic. 3 gram should also be used 
for sine waves, or whether 
in the crank diagram the students shall be made to learn а 
second form of representation. 
An illustration of the representation of a distorted wave bv 
the time diagram is shown in Fig. 5 of my discussion of “ Vector 
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Power in Alternating Current Circuits ", іп the November 
PROCEEDINGS 1910 of the A. I. E. E., which is reproduced here as 
Fig. 1. Тһе polar curve shows 5 extrema (maxima and minima) 
and thereby demonstrates the preponderance of the 5th harmonic. 


Fic. 4 


Figs. 2 and 3 show the current in the armature conductors of 
a synchronous converter, Fig. 2 in rectangular coordinates, 
Fig. З in polar coórdinates. Fig. З shows by the area of the 
curve the heating effect of the 
current, and demonstrates the 
great increase of the 7?r loss 
with increasing „shift of the 
phase, that is, increasing shift 
of the line A from the vertical. 
Curve I gives the direct current 
circle, curve II the alternating 
current circle, and curve III the 
resultant, from which the line 
A cuts out the actual current, 
which latter is shown in heavy 
drawn line. 

Figs. 4 and 5 show the start- 
ing transient of an alternating 
current in an inductive circuit, Hic. $ 
in rectangular and in polar co- | 
ordinates. Fig. 5 15 interesting in illustrating the apparent phase 
advance of the current waves (2) and (4), which represents the 
power increase corresponding to the storage of energy in the 
magnetic field. 

Louis F. Blume (by letter): When either the clock diagram or 
polar coordinates are employed to graphically represent alter- 
nating current phenomena, two ideas are involved.  First— 
a characteristic which represents the alternating sine wave, and 
second—a mechanism by which the characteristic is subjected 
to a definite action. In the clock diagram the mechanism is the 
rectangular system of coordinates and the characteristic the 
straight line. In the polar coórdinate system the mechanism is 
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the rotating radius vector and the characteristic is a circle. In 
the clock diagram the vector when subjected to the idea of rota- 
tion and projection will completely represent an alternating 
sine wave, and in the polar coórdinate svstem the circle when 
subjected to the idea of the intercept of a rotating radius vector 
wil completely represent an alternating sine wave. 

But, by the employment of a circle for representing graphically 
an alternating sine wave, the polar coórdinate system does not 
result in a vector representation. This fact is excellently shown 
in Dr. Berg's paper, which compares the polar system with the 
rectangular coórdinate system. It should be noted that Figs. 2, 
3 and 4 in this paper cannot be called vector diagrams any more 
than Fig. 1 in the same paper can be called a vector diagram. 

In describing the polar coórdinate system of rotation, Dr. 
Steinmetz in Alternating Current Phenomena, page 20, gives the 
following: 

“ The characteristic circle of the alternating sine wave is 
determined by the length of its diameter—the intensity of the 
wave; and by the amplitude of the diameter—the phase of the 
wave. ` 

“ Hence, whenever the integral value of the wave is considered 
alone and not the instantaneous values, the characteristic circle 
may be omitted altogether, and the wave represented in intensity 
and in phase by the diameter of the characteristic circle." 

It is therefore, evident that if vector representation is to be 
explained by means of polar coordinates, two distinct steps аге 
necessary. Ist. The representation of the alternating value by a 
circle. 2d. The representation of the circle by its diameter. In 
the second step there remains the difficulty that the diameter 
does not completely represent the circle, and therefore only gives 
the maximum value and phase relation of the alternating sine 
wave. 

With the above mentioned facts in mind, the following con- 
sideration will be clear. 


1. That an alternating sine wave can be completely repre- 
sented Бу а vector іп a plane, is an established fact. 


2. The clock and the polar coórdinate methods are simply 
different means of explaining that fact. 


3. To explain the fact by the polar coórdinate method, re- 
quires two distinct steps, l—that an alternating quantity can 
be represented Бу a circle, and 2—that the circle can be repre- 
sented by its diameter. 

4. The diameter of the circles does not completely represent 
the circle, and on that account only gives the maximum value and 
phase angle of the wave. | 

5. Тһе diameter of the circle cannot be considered as a vector 
in the ordinary sense, for it cannot be moved to any parallel 
position without disturbing values of the intercepts. 


6. It seems therefore, that it is impossible to fully demonstrate 
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the fact that an alternating sinc wave can be completely repre- 
sented by a vector by using the ideas of polar coordinates alone. 


7. The ideas involved in polar coórdinates cannot therefore, 
be logically offered as an argument for thc employment of a par- 
ticular convention in vector diagrams. 

As given by Dr. А. E. Kennelly in his recent article on Vector 
Power (A. I .E. E. PRocEEDiNGS, July, 1910), the clock diagram 
is uscd to explain vector representation, on the one hand by 
assuming a rotating vector and a fixed axis of projection; on the 
other hand by assuming a fixed vector and a rotating axis of 
projection. "The direction of rotation in either case may be clock- 
wise or counter clockwise. Іп this connection the following is 
suggested. 


1. That on account of the universal use of counter clockwise 
rotation by mathematicians for positive rotation, it would scem 
preferable to use the same convention for vectors unless there is 
good reason to employ the opposite convention. 


2. That since it is almost the universal practice, on account 
of greater simplicity, to consider an axis of reference as stationary, 
it therefore scems preferable in vector representations to refer 
to a stationary axis unless there is some good reason for employ- 
ing the opposite convention. 

O. J. Ferguson (by letter): In a discussion of the different 
systems of representing periodic functions, it may prove of value 
to outline some of the pros and cons and comment upon them 
briefly. In the following summary, points favorable to the use 
of the system are listed in the positive column. Unfavorable 
points arc listed іп the negative column. Not much сап be dc- 
termined by the comparison of the number of points, favorable 
or unfavorable, as some of those mentioned should be given 
much more weight than others. In the long run, however, 
svstems should be compared bv their relative total weights. No 
attempt has been made to attach such weights at this time as 
cach person using any of the methods must determine that matter 
for himself. 


NEGATIVE 


POSITIVE 


Rectangular Coordinates. 


1. Concept of continuance of time 1. Impossibility of graphical 
2. Transient phenomena. | methods of calculation. 
3. Non-sinusoidal waves. 2. Inconvenient methods for 
4. Direct evaluation. combining waves analyti- 
5. Visual comparison of succes- cally. 

sive instantaneous values. 
6. Summation of waves at any ” 

instant. | 
7. Recognition. of higher har- | 

Monics. 
$. Based upon a coordinate sys- | 

tem. | 
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PosiTI VE NEGATIVE 


Polar Coordinates. 


1. Based upon a coórdinate svs- 1. As vectors, the summation of 
tem. instantaneous values is not 
Complete periodic cycle may direct. 
be shown. | 2. Visual comparison of succes- 
Periodicity of cycle. sive instantaneous values 15 
Permanency of cycle. difficult. 
Direct evaluation when com- 
plete curve is used. 
Transient terms. 
Summation of waves at any 
instant, when complete curve 
are used. 
8. Derivation of effective value, 
etc. 
9. Use of vectors. 
10. Equivalent sine wave. 
11. Graphical calculations and | 
imaginaries may be used. 


Crank Diagram: 


мы т ез N 


1. Periodicity of cycle. 1. A mechanical device for repre- 

2. Graphical calculations and senting harmonic motion. 
complex tmaginaries may be 2. Complete cycle not shown. 
used. 3. Dual line position. 

3. Easy visual comparison of 4. Evaluation of instantaneous 
successive instantaneous val- values by indirect. methods, 
ues bv projection. as projection. 

4. Summation of waves at any 9. Suitable for sine waves only. 


instant by projection. 


RECTANGULAR COORDINATES 
POSITIVE 


1. The x-axis extends to infinity and thus forcibly draws the 
attention to the continuance of time. 

2. With the passage of time emphasized as above, transient 
phenomena are well shown. 

3. Periodic deviations from sine waves are likewise easily 
recognizable. 

4. Inasmuch as the curve is fully drawn, it is a simple matter 
to evaluate the function at any instant. 

5. Ordinates, being parallel lines, are easily compared for 
their relative magnitudes. 

6. In adding waves, their ordinates combine directly. 

7. Many of the higher harmonics are easily recognized and 
they all have simple analytical expressions. 

8. The whole conception is based upon a regular system of 
coórdinate geometry. 

NEGATIVE 

1. It is very convenient to be able to represent the given 
function by some one thing (as a vector, in other systems) and 
use this thing for graphical calculations. This system does not 
admit such simplification. 
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2. The addition of waves analytically 1$ not a simple process. 
That is, if 


sin $ 4-30? --sin ф—15° = A sin ф--о, 


the evaluation of А and с 15 not as simple as the graphical solution 
nor does it appeal as quickly to the eye as docs the latter. 


POLAR COORDINATES 
POSITIVE 


1. The conception is based upon a regular system of co- 
ordinate gcometry. 

2. With periodic functions, the complete wave may be shown, 
whether it is regular or irregular in shape. 

3. Angles above 360 degrees indicate a recurrence of the cvcle, 
or periodicity of the function. 


Е 
02. 
и 
C D 
Fic. 1.--4 ВСП В E B A.—Current Fic. 2.—A B C D E A.—Current cycle 
cycle in the center coil of the phase of in the end coil of the phase of an 
an m-ring converter. n-ring converter. 


In each figure, the curved portion is taken at one sweep and the rectilinear portion 
occurs at the commutation point, or as the coil passes a brush. The complete curve, the 
limacon, is represented by the equation 


I 51, sin 0-3 Jo 


where 7, is maximum alternating current component and To is direct current current 


4. The presence of a single closed curve indicates the repetition 
of the cycle, or the permanency of the function. 

25. The instantaneous valuc is directly obtainable for any time, 
along the radius vector corresponding to that time. 

6. Transient phenomena shown thus give a direct comparison 
of successive cycles, indicating the waning of the transient term 
and the departure from the permanent cycle. 

7. Тһе summation of any number of waves is &econplished 
by the addition of their vectors. 

8. The effective value of thc function is readily obtained by 
the planimeter, which is of value in various calculations. For 
example, if a railway motor is rated in terms of its continuous 
current carrying capacity at the given voltage, plotting the 
variable current cvcle by polar coórdinates is a direct means of 
establishing a rating for the given motor or of choosing a motor 
to fit the given conditions. 
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Another instance may be taken from the field of synchronous 
converter phenomena. The accompanying figures show current 
cycles for the end coil and for the center coil of the phase of a 
converter armature winding. The enclosed areas vary as the 
square of the radius vector, that is, as ?. The relative areas 
represent, therefore, relative heatings. Variation in the number 
of rings, change of power factor, choosing other coils of the 
armature, etc., may all be illustrated by their respective effects 
upon the polar diagram. 

9. Sinusoidal functions may be represented by vectors, re- 
taining the fundamental idea of the polar diagram. There is 
no change of view point. 

10. A definite meaning can be given to the term “ equivalent 
sine wave " in terms of equivalent arcas. 

11. The svstem lends itself readily to graphical calculations 
and to the’use of the complex imaginary expression. 


NEGATIVE 


1. When the function is represented by a vector, a further 
development of the diagram is necessary in order to obtain 
instantaneous values or to combine instantaneous values. That 
is, to know the instantaneous valuc of a certain vector quantity, 
either (a) it must be projected upon the line whose displacement 
indicates the time or epoch, or, as is more usually done (b) the 
complete curve must be conceived as cutting off the infinite ex- 
tension of this same line and limiting its length. Тһе limited 
length 1s the value sought. 

2. In comparing successive instantaneous values of the func- 
tion, it is more difficult to estimate their relative values when the 
two (or morc) lines compared are divergent. Parallel lines are 
much more easily contrasted. 


CRANK DIAGRAM 


POSITIVE 


]. Successive revolutions of the crank indicate a recurrence 
of the cvcle or a periodicity of the function. 

2. Calculations may be made either graphically or by the use 
of complex imaginary quantities. 

3. Successive instantancous values may be compared by рго- 
jection upon the 90 degree line or bv the rclative heights of the 
vector arrow-heads above the initial line. Іп one case, the 
lengths are measured along the same line, while, in the other 
case, they are measured along parallel lines and, in either con- 
dition, inequality is easily recognized. 

4. After projection upon the 90 degree line, instantaneous 
values may be added, directlv. (This seems slightly simpler 
than having to project upon the gencral vector or than drawing 
the full curve.) 
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NEGATIVE 

1. The conception used is that of a crank revolving me- 
chanically, one component of its extension illustrating harmonic 
motion. Ав such, it is effective but its range beyond a few of the 
general applications is limited. It is proper to note that the 
limited range does cover the most cominon and, probably, most 
useful applications of the vector principle. 

2. The complete cycle cannot be represented by any curve 
upon the diagram, as all instantancous values are measured 
along the same line—the 90 degree line. 

3. The complete concept of the function, as regards phase and 
magnitude, requires two clements for its expression. That 15, 
а crank position represents phase condition, while the magnitude 
of the variable is indicated by a length along a different line. This 
is in contradistinction to a vector which represents phase condi- 
tion (epoch) by position and also shows magnitude by its own 
length. 

4. As a result of the inability to show the complete cürve, 
instantancous values can be obtained only by projection. 

5. It cannot properlv be called a system for representing 
periodic functions but must be limited to sinusoidal functions. 
Transient terms, higher harmonics, converter current cycles, 
etc., can not be exhibited. 

The point at issue іп the discussion before the Institute is as 
to the relative values of the crank diagram and the vectorial side 
of the polar diagram. Inasmuch as the polar diagram is broad 
enough to cover the whole field including vector representation, 
and it must be used for certain purposes quite beyond the 
range of the crank diagram, 1$ it not advisable to meet on the 
common ground of the most usable system? Іп some problems, 
polar coórdinates have decided advantages over rectangular co- 
ordinates. Shall we depend wholly upon the latter and the 
crank diagram, to the exclusion of the polar system? От, аге 
we best served by Кесріпр all three schemes in mind іп a more 
or less muddled condition? Undoubtedly, usage is what will 
settle the question and, probably, the engineering public will 
standardize what they wish. 

С. A. Adams (һу letter): Arguments on both sides of this 
question have been in print for some time, and it seems unde- 
sirable to take the subject up at any length at this late hour. I 
should like, however, to present one argument, which, as far 
as I know, has not been presented before. 

It is claimed for the polar coórdinate method of representa- 
tion, that the root mean square value may be readily determined 
by planimetering the polar curve of the alternating quantity in 
question; but this is only occasionally desirable, and then only 
in the case of a complex wave, in which case the polar curve is 
not a circle and therefore has no diameter by means of which it 
сап be represented. Іп fact the representation of alternating 
currents or e.m.fs. by vectors, ceases to be in anv sense exact 
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when the quantities in question deviate much from the simple 
sinusoidal type; but when such deviation exists, we can handle 
the problem satisfactorily only by the aid of harmonic analysis, 
practically all of the methods of which require the wave to be 
plotted in rectangular coordinates. 

But after all the question at issue must finally be settled Бу 
usage rather than by arguments based on any fundamental 
merits of the case; it is a conventional part of our alternating 
current language upon which we must agree, if we are to avoid an 
enormous waste of energy on the part of all students of this 
subject. I for one will gladly abide by the general consensus of 
opinion if it can be obtained, even though it involves a reversal 
of my habitual notation. 

We talk much about the efficiency of apparatus, and make 
much of a saving of one per cent but we keep on using mixed 
systems of notation and of units, which involve a much larger 
reduction in the efficiency of the engineer himself. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


REPORT OF THE BOARD OF DIRECTORS FOR THE FISCAL 
YEAR ENDING APRIL 30, 1911. 


The Board of Directors of the American Institute of Electrical Engi- 
neers presents herewith for the information of the membership its annual 
report for the fiscal year ending April 30, 1911. 

The report includes a brief summary of the more important work 
accomplished by the various standing and special committees, also de- 
tailed statements showing the condition of the various funds and finances 
of the Institute. It is highly gratifying to the Board of Directors to be 
able to report for this year, a surplus of nearly $17,000, and a net 
increase іп the membership of 436 memb:rs. The Board also 
wishes to call attention to the investment last November, of $15,000, 
par value, in General Mortgage, four per cent, Chicago, Burlington and 
Quincy Railroad Company bonds. 

The Board has held 10 regular monthly meetings during the year, and 
the Executive Committee two meetings. 

The Annual Convention was held at Jefferson, №. H., June 26 to 30, 
1910. The total registered attendance numbered 178. Twenty pro- 
fessional papers were presented and discussed. 

Following the policy inaugurated last year of holding other Institute 
mectings in various portions of the country, partaking of the nature of 
conventions, there was held at Schenectady, N. Y., and Pittsfield, Mass., 
on February 14, 15 and 16, 1911, the Pittsfield-Schenectady Mid-Year 
Convention, at which 16 technical papers were presented and discussed. 
The attendance at this convention numbered 350 at Schenectady, and 
150 at Pittsficld. The meeting was a most successful one in every way. 
An cqually enthusiastic and successful meeting, known as the Pacific 
Coast Meeting, was held in Los Angeles, Cal., on April 25 to 29, 1911. 
All of the larger cities on the coast were represented at this meeting, and 
the total attendance numbered 189 members and 134 visitors. These 
meetings cannot fail to emphasize the national character of the Institute. 

In addition to the work summarized and embodied in this report, a 
greal deal has been accomplished by temporary committees appointed 
by the Board from time to time throughout the year. Among these 
тау be mentioned the special committee recently appointed to act in 
conjunction with the committees of other interested engineering organiza- 
tions in opposing the legislation to license engineers. The report of this 
committee may be found in the April issue of the PROCEEDINGS. Much 
creditable work has also been performed by the representatives of the 
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Institute on various commissions and congresses, both in this country 
and abroad. Among the more important of these are: the Second 
National Conservation Congress at St. Paul, Minn., September 5 to 9, 
1910, the American Mining Congress at Los Angeles, Cal., September 
26-October 1, 1910, Annual Mecting, American Academy of Political and 
Social Science, Philad?lphia, Pa., April 7 and 8, 1911, the International 
American Scientific Congress at Buenos Aires, Argentina, S. A., July 10 
to 25, 1910, and the Reunion Amicale at Brussels, August 8 to 10, 1910. 

The year has not only been one of the most prosperous in the history 
of the Institute, but an extremely busy and useful one. 

Sections Committee — The Sections Committee is able to report con- 
tinued progress in Secticn and Brinch aff.irs during the past year. 
One Section has been added to the roster—Detroit-Ann Arbor—and one 
disccntinued— Norfolk, Va. Although the total attendance at the Section 
meetings does not add up to quite so large a figure as during the 
previous year, an analysis of the various Sections indicates that the 
small Sections have generally increased their attendance, while the 
decreases have taken place in one or two of the larger Sections. 

The reports from the University Branches have been most encouraging. 
It is gratifying to note that a large percentage of the additions to 
the membership of the Institute comes from the ranks of the enrolled 
Students, and further to note that most of the enrolled Students have 
come into the Institute through the agency of the University Branches. 

Considerable work has been done during the past year towards placing 
the matter of Sections expenditures on a uniform and logical basis. It is 
hoped that by-laws which incorporate this uniform basis of appropriation 
for this purpose will be in such shape that the proposed plan may be put 
into operation during the next administrative year, beginning August 
l, 1911. 


For Year Ending 


May 1 May 1 | May 1 May 1 


1908 1909 1910 1911 
SECTIONS -------- — m 
Number of бесбопвя.................... 21 24 25 25 
Section Mectings held.................. 141 169 187 208 
Original papers and talks............... 120 167 178 181 
Аїчеп4дапсе............................ 7,476 16,427 16,694 | 15.243 
BRANCHES | 
Number of ВгапсВсев................... 22 26 31 | 36 
Branch meetings held.................. 143 198 237 | 255 
Original papers and talks............... 84 158 147 147 
Авепдапсе............................ 4,128 8,443 10,255 | 10,714 


a ee — 


Meetings and Papers Committee —This committee has arranged for 
nine regular Institute meetings during the year, at each of which one or 
more technical papers were presented. Seven of these meetings were 
held in New York, one in Boston, and onein Toronto. The committee 
also approved and coóperated in the Pittsfield-Schenectady Mid-Year 
Convention, and the Pacific Coast Meeting held in Los Angeles. Active 
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preparations are now being made by the committee for the Annual 
Mecting and the Annual Convention, the latter to be held in Chicago 
from June 26 to 30 inclusive. Тһе committee has received much assist- 
ance from the chairmen of the various technical committees, who have 
been active in securing papers and carrying out the policy of the Meetings 
and Papers Committee in handling the meetings held in New York. 

Educational Committee —The work of this committee for the year 
has consisted principally of an investigation into the advisability of offering 
prizes to students of electrical enginecring for competitions of various 
sorts, such as thesis work or original designs. The committee unani- 
mously decided against the establishment of such prizes. The remainder of 
the work of the committee has consisted in arranging a program for onc of 
the sessions of the Annual Convention to be held in Chicago in June. 

Industrial Power Committee — This committee has been active in its 
field during the year, and as a result of its efforts a number of 
meetings have been held by the various Sections which were devoted to 
the presentation and discussion of industrial power subjects. А very 
successful meeting, at which the cost of industrial power was discussed. 
was held under the auspices of the committee іп New York іп March 
with the coóperation of the American Society of Mechanical Engineers 
Тһе committee has succeeded іп obtaining from various sources a number 
of valuable papers on industrial power subjects which will be transmitted 
to the new committee at the close of the present administrative year. 

Railway Committee.—4A number of meetings have been held by this 
committce during the year. Тһе advancement of railway clectrification 
has been held as the principal object of the committee's existence, and it 
now appears that the committee is 1n a fair way to establish a precedent 
of unusual value to determine the practical results of electrification as 
carried out on a number of important lines. To this end, in addition 
to a paper read by Mr. W. S. Murray at an Institute meeting in Тогопи. 
giving considerable information concerning the New Haven installation, 
there will be a discussion of this paper at the Annual Convention in June. 
Among others. special details relating to the New York Central installa- 
tion are expected. А most important paper giving construction, main- 
tenance, and operating costs, is now being prepared for the Chicago 
Convention. Six or eight other valuable papers have been promised for 
the future. 

Telegraphy and Telephony Committee.— The Telegraphy and Теіе- 
phony Committee has held two meetings during the year. It has ob- 
tained several valuable papers in its field, for both the Pacific Coast 
Meeting, held at Los Angeles in April, and the Annual Convention, to be 
held in Chicago in June. 

Electric Lighting Committee..— The Electric Lighting Committee. se- 
cured five papers during the year, one of which was presented at the 
Institute meeting held in New York on February 10, 1911. The remain- 
ing four papers will all be presented at the Annual Convention in June. 

Power Station Committee — The Power Station Committee had assigned 
to it the May meeting, but this was changed in order to give an oppor- 
tunity for the presentation ceremonies of the Edison Medal. The com- 
mittee expects to secure papers for the Annual Convention. 
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Electrochemical Committee.— The efforts of this committee have been 
directed towards arranging for two or three papers on electrochemical 
subjects for a meeting scheduled tentatively for April, 1911. Owing to 
other engagements of those who were best qualified to deal with the 
subjects selected, and to the fact that practically all of the available ma- 
terial had been promised elsewhere, it was deemed inadvisable to hold 
an electrochemical meeting this year. Arrangements have virtually been 
completed, however, for one or two good papers for next fall or winter. 

High Tension Transmission Committee.— The High Tension Trans- 
mission Committee has followed this year the custom of previous years. 
Up to the present time it has held five meetings, with an average at- 
tendance of six members, and presumably at least one more meeting will be 
held during the term of the present committee. At these meetings various 
questions coming before the committee were discussed and appropriately 
determined. The committee prepared the program for the regular 
Institute meeting held in New York on January 10, 1911. Тһе com- 
mittee also assisted in the preparation of the program for the Pacific 
Coast Meeting at Los Angcles. Тһе committee expects to hold an 
'" Extra High Tension Operation Meeting " at the Annual Convention 
in Chicago, giving data and discussion on the construction and operation 
of power systems utilizing 80,000 volts or higher. Тһе most notable 
action of the committee during the present year was its participation, 
with the authorization of your Board, in the specifications for overhead 
crossings of electric light and power lines. These specifications were 
prepared with the idea of securing a nationally recognized crossing 
specification which could be uniformly used throughout the country by 
railway, telephone, telegraph, or whatever lines are crossed by power 
circuits. "This specification is a joint report of committees of various 
engineering organizations, but it 1s believed, as a result of the coóperation 
of these various bodies through their representative committees, that 
this specification will be universally recognized and followed. 

Editing Committee.—Since Мау 1, 1910, there have been edited and 
published 12 numbers of the PROCEEDINGS. The total number of pages 
contained in these PROCEEDINGS 15 2,856. Of these, 360 pages have ap- 
peared in Section I, and 2,226 pages in Section II. Of the 2,226 pages in 
Section II, 1,624 pages were devoted to technical papers, and 530 pages 
to discussions. Volume XXIX of the TRANSACTIONS, consisting of the 
papers and discussions presented during the calender year 1910 and the 
report of the Board of' Directors for the fiscal year ending April 30, 1910, 
contains approximately 1,770 pages. Тһе volume will be issued in two 
parts and is expected to be ready for delivery about the middle of June. 

From May 1, 1910 to April 30, 1911 there have been published in full 
in the PROCEEDINGS seven papers read before various Sections and 
Branches, in addition to 11 abstracts of such papers, which appeared in 
Section I of the PROCEEDINGS. 

The Editing Committce has gone carefully over the discussions which 
have been submitted by the Sections and Branches, and has supervised 
the editing of the discussions presented at the regular Institute meetings. 
The committee, in coóperation with the Meetings and Papers Com- 
mittee, has revised and will have reprinted the pamphlet '' Suggestions to 
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Authors ”, bringing this up to present requirements as to style, illustra- 
tions, arrangement of matter for papers and discussions, with the end of 
assuring greater uniformity of style in the PROCEEDINGS and TRANSAC- 
TIONs and faciiitating the actual handling of the papers and discussions. 

Standards Committee.— The Standards Committee has held seven regu- 
lar monthly meetings in New York since its appointment last August, and 
will hcld спе тсге in Мау. Тһе additions and amendments to the 
Standardization Rules presented at thelast Annual Convention have been 
completely revised, supplemented and incorporated into the rules. Тһе 
rules thus revised will be presented to the Board of Directors at this meet- 
ing, and it is hoped will be readv for distribution in the early summer. 

Last year, at the request of the Standards Committee, the U. S. Bureau 
of Standards undertook a thorough investigation of the resistivity and 
temperature coefficient of copper, to serve as a basis for a new Institute 
wire table. This work was completed during the summer, and the 
Bureau has now nearing completion the preparation of a very compre- 
hensive set of tables under the direction of the Standards Committee. 

In order to handle the various questions arising, 10 sub-committees 
were appointed during the year. The work of five of these sub-commit- 
tees 15 still unfinished апа will continue over until next year. Тһе sub- 
jects under consideration by these five committees are: 1. Definitions of 
electromotive force, potential difference, and voltage; 2. The standardiza- 
linn of the stranding of cables; 3. А definition of horse-power іп terms of 
the watt; 4. The rating of electrical machinery, particularly intermittent 
rating; 5. Insulation testing and transformer regulation. 

International Electrotechnical Commission.—An unofficial conference 
was held by the International Electrotechnical Commission at Brussels 
August 8 to 10, 1910, at the invitation of the Belgian Electrotechnical 
Committee. The Conference was presided over by Professor Eric 
Gerard. Forty-seven delegates, representing 11 national committees, 
attended the conference. Messrs. А. E. Kennelly and Charles Е. Scott 
represented the U. S. National Committee. 

The resolution of the American Institute of Electrical. Engineers 
adopted at the Jefferson Convention on June 29, 1910, referring the ques- 
tion of standard direction of alternating current vector-rotation to the 
Commission, (TRANSACTIONS А. I. E. E., 1910, pp. 1821-1822) was laid 
before the Conference by the U. S. delegates. 

Substantial progress was made at the Conference in all of the four sub- 
jects taken up for discussion— nomenclature, symbols, vector-rotation, 
and rating. In the last three the United States National Committee 
had taken an especially active interest. 

The official resumé of the actions at the Conference, issued in September 
by the General Secretary, was printed in the PROCEEDINGS of the Ameri- 
can Institute of Electrical Engineers for December 1910, pages 10 and 11. 

Six mectings have been held by the U. S. National Committee in New 
York City during the усаг, with an average attendance of four members. 
At the meeting іп October 1910 the actions of the Brussels Conference 
as printed in the Official Resumé were endorsed. Various documents 
have been received from the General Secretary and considered by the 
committee. Communications have been exchanged with the French 
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Committee on an inquiry received from them as to the nomenclature of 
reactive power in an alternating current circuit. 

Local committees of the Commission have now been formed in the 
following countries: Austria, Belgium, Brazil, Canada, Denmark, France, 
Germany, Great Britain, Hungary, Italy, Japan, Mexico, Spain, Sweden, 
and the United States. А plenary meeting of the Commission is scheduled 
to be held in Turin from September 11 to 16, 1911, at the invitation of the 
Italian Committee, and in conjunction with the Turin International 
Electrical Congress. 

The President of the Commission is Dr. Elihu Thomson, who succeeded 
Lord Kelvin in that office. Тһе Honorary Secretary is Colonel R. E. 
Crompton, and the General Secretary is Mr. C. le Maistre, whose office 
is at 28 Victoria Street, London. 

- It is to be hoped that international standardization may be adopted 
at the forthcoming Turin meeting in some or all of the four subjects on 
which tentative progress was made at the Brussels Conference. 

Code Committee.— The Code Committee, through its chairman, repre- 
sented the Institute at the annual meeting of the National Board of 
Fire Underwriters, held in New York on March 20 and 21, 1911. The 
only matter of interest to the Institute, taken up at this meeting, was the 
grounding of secondaries, and the work of the Institute's representative 
resulted іп the passing of a resolution by the Underwriters' Conference 
endorsing the practice of the grounding of secondaries and recommending 
that municipalities and lighting companies make such a rule mandatory, 
with the further resolution that the Institute use its efforts to bring about 
an agreement with the National Electric Light Association in the matter 
of grounding of secondaries up to 250 volts, instead of at 150 volts, the 
present adopted standard of the association. 

Law Committee.— The Law Committee has considered several questions 
submitted to it by the Board of Directors, principally in reference to 
interpretation of the By-Laws and Constitution. Owing to the fact that 
this committee, under the Constitution, is merely an advisory committee, 
no constructive work has been done. 

Conservation of Natural Resources Committee.— During the year the 
Conservation of Natural Resources Committee has corresponded, through 
its chairman, with various officials of the federal government relative to 
the regulations covering the development of water powers, dependent in 
whole or in part, upon the run-off from public lands. 

On December 28 the Secretary of Agriculture issued a '' Use Book ” 
containing regulations and instructions for the use of the national forestry 
service, and a Manual of Procedure for forest officers, which, in respect 
of water powers, embodies substantially all of the suggestions presented 
in President Stillwell's presidential address at the Jefferson Convention, 
and approved by that convention in a resolution requesting the Board of 
Directors to take action looking to their adoption. 

On February 10 the Board of Directors, by resolution, instructed the 
Conservation Committee to examine a bill introduced in the House of 
Representatives by Mr. Herbert Parsons, and to communicate to Mr. 
Parsons (and if deemed desirable, to other representatives, senators and 
officers of the administration) the views of the committee in respect 
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thereto. In accordance with this instruction, the committee examined the 
bill and notified Mr. Parsons and Chairman Lundell, of the Committee on 
Public lands, of its approval of the proposed legislation. No action upon 
the bill was taken by the Congress which adjourned in March. 

Library Committee.— Several important changes have been effected in 
the library during the past year. The complete report of the Library 
Committee will be printed in an early issue of the Institute PROCEEDINGS. 

Edison Medal Committee.— At a meeting of the Edison Medal Commit- 
tee held on November 26, 1910, the names of candidates submitted in 
accordance with the committee’s by-laws were voted upon, and Mr. Frank 
J. Sprague was selected from the list to be voted on in December following. 
The voting in December was done in accordance with the provisions 
of the by-laws, and resulted in the award of the Edison Medal to Mr. 
Frank J. Sprague, for “ Meritorious Achievement in Electrical Science, 
Engineering and Arts ", the result of the vote being transmitted to the 
Board of Directors under date of December 19, 1910. Тһе presentation 
is to be made at the Annual Meeting of the Institute on May 16, 1911. 

John Fritz Medal Board of Award.— The John Fritz Medal for 1910 
was awarded to Alfred Noble, past-president, American Society of Civil 
Engineers, for “ notable achievements as a civil engineer." Тһе presenta- 
tion was made on November 30, 1910, at the house of the American 
Society of Civil Engineers, New York City. 

Board of Examiners.— The Board has held 11 meetings during the year. 
It has considered and reported to the Board of Directors a total of 1,748 
applications for election to membership in the Institute, Student enrol- 
ment, and transfer to the grade of Member. 

A summary of these applications is as follows: 


Recommended for election as Associates.. ........... 916 
Not recommended for election as Associates.......... 2 
Recommended for %гапвіег.......................... 54 
Not recommended for ігапв”ет....................... 27 
Recommended for enrolment as Students............. 749 

Total number of applications considered.......... 1,748 


This is an increase of 351 applications over last year. 


Membership Committee.—On November 1, 1910 a letter was mailed 
by the committee to each member of the Institute requesting the names 
of desirable candidates for admission. The codperation of the officers 
of the Institute Sections was also requested. In response to these com- 
munications over 1,200 names were suggested by the membership. АП 
of these prospective candidates were communicated with promptly and 
supplied with printed matter relating to the Institute and its various 
activities. 

Тһе number of applications received from November 1, 1911, on which 
date the present committee began its active work, to April 30, 1911, is 
661, and the total number received during the year ending April 30, 1911, 
15 937. Тһе present total membership and the net increase during the 
past year are indicated in the following table: 
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Hon 
Mem. | Mem Assoc. Total 
Membership, April 30, 1910.................... 1 640 6.040 6,681 
Additions: | | | 
New Азос!аїез............................ ! 899 
Pransterted 45: ыса e WERKES eee Y ae | 56 
а ба Т7 A o Seule DE uud we сұқ орфасоаы us 3 43 
Deductions: 
ИЙ суан іі раз 53 2 34 
ео О OME ea ws Бе 3 122 
Dropped -rans 33/3 dec a RR SURE dors NUR e ТА 5 343 
И т уу. . ivre C850 9239.55.99 Và ua R5 56 
Membership April 30, 1911....................., 1 ‚ 689 | 6,427 | 7,117 
Net increase during the year in тетБегеһір...................... 436 


Student Enrollment.—Since the enrollment of Students was authorized 
in 1902, the total number enrolled up to May 1, 1911 is 4,418. Of this 
number 1,348 are still enrolled as Students and 745 have become Associates, 
or their applications are pending. The remaining 2,325 are off the list 
by reason of expiration of the three year Student term, or through their 
failure to complete that term. 

Кезірпайот5.-Тһе following Members and Associates have resigned 
during the year in good standing. 

Members.—T. L. Miller, D. W. Shea, William C. Woodward. 

Associates.—L. Andrews, С. Е. Atwater, Н. Binnev, С. W. Bissell, 
E. M. Blake, C. E. Boman, J. A. Britton, J. S. Brosius, H. B. Burley, 
К. О. Burrer, К. L. Cadwell, J. К. Carl, М. В. Carroll, F. J. Chisholm, 
Wm. Christensen, M. D. Church, W. R. Collier, C. A. Cornwall, A. G. 
Coursol, R. Dahlander, N. B. Davis, G. R. Davison, F. B. De Gress, 
R. J. Dunlop, J. J. Ehrenreich, F. W. Field, W. G. Fox, C. E. Frailey, 
О. H. Fry, W. Gale, Jr., F. H. Geer, S. D. Gilbert, С. B. Glassco, S. H. 
Goddard, J. R. Gordon, C. J. Graham, J. H. Granbery, E. W. T. Gray, 
L. H. Haight, Е. С. Haldy, В. 5. Harrison, Н. H. Heaton, W. L. Heden- 
berg, A. S. Hegeman, C. J. Heilman, W. E. Hodge, H. Hollinger, J. C. 
Hunter, E. W. Jodrey, W. P. Judson, Grover Kecth, R. B. Kellogg, A. S. 
Kelly, С. С. R. Kemp, J. 5. Kerine, John Langan, А. W. Lec, L. H. Lee, 
J. A. Leonard, D. В. Lovejoy, E. S. Lytch, В. T. MacKcen, Н. E. De М. 
Malan, G. W. Martin, J. A. McCoy, S. A. Mendenhall, C. P. Merrill, 
Н. C. Meyer, P. E. Mitchell, E. Е. Morrill, F. C. Nelson, L. H. Newbert, 
E. C. Newton, E. W. Niles, Ray Oliphant, A. F. Ormsbee, W. H. Palmer, 
]т., Р. О. Parsons, J. Е. Peavey, Р. С. Petersen, W. Р. Phillips, J. О. 
Plowden, J. H. Poole, F. H. Poor, G. L. Pratt, C. Rabello, L. C. Ralston, 
C. J. Ratterman, Arthur Rice, C. D. Richardson, G. B. Roberts, Raymond 
Roth, L. Searing, F. M. Shaw, F. B. Shuford, Mont Sleeth, C. H. Stark- 
weather, L. Stocker, Е. C. Sutter, Phillip Sweetser, W. M. Talbott, E. A. 
Taylor, E. L. Tessier, R. McK. Thomas, W. H. Thorpe, J. B. Tingley, 
H. C. Trow, R. T. Turnbull, W. E. Ver Planck, E. S. Vinten, W. E. Ward- 
well, K. Watson, W. F. Weber, W. C. Webster, S. F. Weston, H. B. P. 
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Wicks, Carl Wiler, К. S. Willis, J. Е. Wilson, Н. J. Wood, J. W. Wright, 
С. R. Wylie. | 

Total resignations, 125. 

Deaths.—The following deaths have occurred during the year: 

Members.—S. S. Dickenson, Joseph Wetzler. 

Associates.—R. Е. Adams, T. P. Bailey, S. M. Balls, С. К. Batchelder, 
E. А. Bessey, W. H. Browne, H. W. Deeds, R. Dickerson, Т. D. E. Duncan, 
G. М. Eastman, Е. К. French, A. Henderson, J. Hey wood, Е. Е. Gardner, 
C. W. Hunt, E. J. Jenness, J. D. Keiley, W. C. Kerr, C. J. Larson, F. H. 
Lincoln, К. McCaskill, J. McKenzie, В. J. Nunn, T. G.Odell, J. В. Palecek, 
C. E. Robles, A. Spies, Charles Talbott, O. Stephensen, D. A. Wilkes, E. B. 
Wintrobe, J. T. Wolfe, A. V. Woodard, S. Yoshisaki. 

Total deaths, 36. 

Delinquent.— Dropped as delinquent during the year, 348, 

Intermediate Grade of Membership Committee.—The work of this 
committee has consisted chiefly in the gathering of data relating to the 
establishment of a third grade of membership. The committee being so 
widely scattered, it has been deemed wise to call a meeting to be held 
sometime during the Annual Convention. It is also planned to have a 
discussion of the subject by the Section delegates at the convention. 

Indexing Transactions Committee.—The work of this committee has 
been largely devoted to the perfection of a plan providing for a suitable 
index to the Institute TRANSACTIONS. The actual work of indexing the 
papers and discussions, however, is now well under way, although the 
work must necessarily be slow at the present time. 

It is the intention to make this index complete in every detail, and yet 
not encumber it with the minuta which fill ordinary indexes. It is 
planned to have the index so arranged that one in search of information on 
any given subject will first find all papers bearing directly on the subject, 
and then all references which may be parts of other papers or discussions. 

Building Fund.—The amount collected from subscribers during the 
year was $1,672.00. Тһе interest оп the bank balance amounted to 
$119.54, making a total of $1,791.54 to the credit of the Building Fund 
during the усаг. 


LAND, BUILDING AND ENDOWMENT FUND. 


RECEIPTS. DISBURSEMENTS. 
Before appointment of Com- Ра4 United Engineering So- 
MITEGO ыты herd зш $ 6,100.00 ciety, acct. of contract......$ 8,000.00 
Collected by Сотпииее....... 147,553.05 | Раа Un:ted Enginecring So- 
Interest on balances.......... 6,086.55 С (У, acct. of mortgage..... 126,000.00 
Reimbursement hy Institute... 9,221.95 Paid United Engineering So- 
ciety, acct. of interest...... 19,529.45 
Expenses of Committee... .... 10,440.73 
Balance in bank, May 1, 1911.. 4,991.37 
proci PE $165,961.55 Total ылы Еа наа $165.961.55 


Finance Committee.— The following correspondence and financial 
statements form a complete summary of the work of the Finance Com- 
mittee for the ycar. | 


BOARD OF DIRECTORS, May 16, 1911. 
American Institute of Electrical Engineers. 
Dear Sirs: The Finance Committee respectfully submits herewith 
the following report for the year ending April 30, 1911. 


1911] REPORT OF BOARD OF DIRECTORS 1375 


The committee has held regular monthly meetings throughout the 
year. It has examined and approved the expenditures of the Institute 
for various purposes, and has otherwise performed the duties prescribed 
for it in the Constitution and By-Laws. Messrs. Peirce, Struss and 
Company, chartered accountants, have audited the Institute books, 
and their certification of the Institute finances follows. 

Your Secretary, a representative of the firm of chartered accountants, 
and your committee have examined the securities owned by the Institute 
and find them to be in accordance with the accountants’ report. In this 
connection attention muy be directed to the purchase by the Institute 
during the past year, of $15,000 par value of Chicago, Burlington & 
Quincv 4% Bonds, the selection being made from the list of securities 
available for legal investment by savings banks in New York and Massa- 
chusetts. 

In general it will be seen from the reports submitted that the finances 
of the Institute are in good condition and that the increase in expendi- 
tures resultant from increased activities 1s being successfully met by the 
increase in income. 

Respectfully submitted, 
A. W. BERRESFORD, 
Chairman Finance Committee. 


Mr. A. W. BERRESFORD, NEW York, May 8, 1911. 
Chairman Finance Committee. 

Dear Sir: In accordance with your instryctions, we have audited the 
books and accounts of the American Institute of Electrical Engineers 
for the year ended April 30th,1911. | 
‚ The results of this examination are presented in four exhibits, attached 
hereto: as follows:— 

Exhibit “ А" Balance Sheet, April 30, 1911. 

Exhibit “В” Receipts and disbursements for general purposes for 

year ended April 30, 1911. 
Exhibit “С” Receipts and Donations for designated purposes, also 
expenditures for year ended April 30, 1911. 

Exhibit “ D” Condensed Cash Statement. 

We beg to present attached hereto our certificate to the aforesaid 
exhibits. 

Yours very truly, 
(Signed) PEIRCE, Struss & Co., 
Certified Public Accountants. 


Mr. А. УУ. BERRESFORD, NEW YorK, Мау 8, 1911. 
Chairman Finance Committee: 

Dear Sir: Having audited the books and accounts of the American 
Institute of Electrical Engineers for the year ended April 30, 1911, we 
hereby certify that the accompanying Balance Sheet is a true exhibit of 
its financial condition as of April 30, 1911, and that the accompanying 
statements of Cash Receipts and Disbursements are correct. 

(Signed) PEIRCE, Struss & Co., 
Certified Public Accountants. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
BALANCE SHEET, APRIL 30, 1911. 


ExHIBIT А. 


ASSETS. 


CASH: 

Land, Building and 
Endowment Funds 

General Library fund 

Compounded Mem- 
bership fund..... 


Farmers’ Loan and 
Trust ctf. of dep.. 
General cash in bank 
Mailloux fund, inter- 
ЄЗ 4-04 ee CS vd 
Weaver donation... 
International Elec. 
Congress of St. 
Louis Library fund 
іпбегеві.......... 


Total cash deposit.. 
Secretary's petty 
cash on hand.... 


Land, Building and 
Endowment fund, 
accrued interest.. 

General Library fund 
accrued interest.. 

Mailloux Fund ac- 
crued interest.... 

International Elec- 
trical Congress of 
5%. Louis, 1904, 
Library Fund ac- 
crued intercst.... 

Mailloux fund, prin- 
cipal Bond...... : 

International Elec- 
trical Congress of 
St. Louis 1904, 
Library Fund, 

N. Y. City 44 % 
Воп45, due 1917.. 

N.Y. City 441655 Gold 
Bonds, due 1957.. 

Premium on bonds. 

Westinghouse Elec- 
tric Mfg. Co's. 
5їосСК............ 

C.. B. & 0.42 Bonds 
(15M), due 1958, 
COSt. тт т li 

Equity іп Engineer- 
ing Societies Build- 
ing (25 to 33 West 


4,991.37 
264.52 
_ 4,742.09 9,998.88 


1,000.00 
18,866.49 


41.35 
65.41 


268.77 
19,242.05 


750.00 19,992.05 


43.02 
2.75 
22.50 


45.00 113.27 


1,000.00 


2,268.00 
30,000.00 
1,952.50 
50.00 


14.606.25 46,608.75 


30th S8t.)........ 353,346.61 


One-third cost of 
land (25 to 33 
West 39th St.)... 

Library Volumes and 
Fixtures) 2222222; 

Transactions. ...... 

Office Furniture and 
Fixtures. ........ 

Works of Art, Paint- 
ings, ешс......... 

Badges... cicer xs 


180,000.00 


333,346.61 


28,096.17 
8,123.50 


7,084.10 


2,543.60 


339.95 46,187.32 


ACCOUNTS RECEIVABLE! 


Members for current 


Members for past 
dues, suspense ac- 
СОТЫ sul esc us 


Members for en- 

trance Ёесѕ....... 
МізсеПапсочв...... 
For Advertising. ... 


Accrued interest on 
Bonds .......... 
Accrucd interest оп 
bank balance..... 


Total Assets. ...... 


470.00 


7,216.50 
305.00 
367.93 
1,503.50 
675.00 
212.38 11,050.31 
$671,565.19 


LIABILITIES AND SURPLUS. 


Funns: 

Land, Building and 
Endowment Fund 

General Library fund 

Compounded Mem- 
bership Fund..... 

Mailloux Fund..... 

International Elec- 
trical Congress of 
54. Louis 1904, 
Library Fund: 
Bonds........... 


Reserve, for Furni- 
ture and Fixtures. 


Accounts payable, 
Subject to ap- 
roval by the 


inance Commit- 
ТӨС Бы Уке ы 
United Engineering 
Society (tor cost 
of land)......... 


Total Liabilities... . 


SURPLUS: 


hicago, Burlington 
& Quincy Bonds. 
In property and ac- 


5,034.39 
267.27 


4,742.99 
1,063.85 


2,263.00 
268.77 
45.00 


13,690.27 
2,237.98 


3,973.40 


54,000.00 


73,901.65 


18,866.49 
31,952.50 
14,606.25 


counts receivable. 532,238.30 


597,663.54 


——————————— 


Total Liabilities and surplus.. 671,565.19 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPTS AND DISBURSEMENTS FOR GENERAL PURPOSES FOR YEAR 
ENDED APRIL 30, 1911. 


EXHIBIT B. 


RECEIPTS. DISBURSEMENTS. 

Entrance Fees......... 4,430.00 Stationery and Printing. 2.987.01 
Current Dues........ -63,550.87 Postage. conva 2,730.05 
Past Dues ........... 5.410.00 General Expenses...... 2,568.01 
Advance Dues......... 262.00 Meeting Expenses. .... 4,613.03 
Students Dues. ....... 4,185.00 Section Meetings...... 6,831.85 
Transfer Fees......... 530.00 Badges purchased..... . 1,541.14 
Вайдцез............... 1,845.00 Salaries a ek eee з» 11,380.00 

-------80,212.87 Interest оп Mtge..... . 2,160.00 


Office Furniture....... 613.74 


Sales, Transactions, etc. 1,271.86 Advertisng Expense. 4401-41 


Subscriptions, Proceed- 


ings 1 596 77 Year Book and Cata- 
Айуетивіпн........... 9,350.66 i 1одче............... 216016 
Binding аео неон 149.50 ПИРОТУ УЯМ 41794.46 
Ехсһапве............. 20.2 PROC E | | 
12 389.05 ROCEEDINGS: 
у Printing. ........... 57. 777.88 
| Paper and Envelopes ч ist. 13 
INTEREST: ' Engraving.......... 4.77 
Bonds ........... 1,650.00 Binding and Mailing $ Нео 32 
Bank Balance..... 795.30 Salaries. а... 3,372.00 
— 2,445.30 ——————- 22,966.10 
Royalty.......... 100.00 | TRANSACTIONS: 
Vol, Zee esc адайды ыма 5,474.50 
Vol. 29.4544 cci RR 1,084.82 
-------- 6,559.32 


LinRARY (including salaries).... 3,083.30 
UNITED ENGINEERING SOCIETY.. 
Assessments for office space.. 4,000.00 


Total доска а СН Re eb d $78,403.18 
Excess Receipts over Disburse- 
fente. о: суыры тан 1% 16,744.04 
Total weeds aire енер $95,147.22 $95,147.22 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPTS AND DONATIONS FOR DESIGNATED PURPOSES, ALSO EXPENDI- 


TURES FOR YEAR ENDED APRIL 30, 1911. 
Ехнівіт C. 


RECEIPTS. 

Land, Building and Endowment Fund, Donations, Interest, etc........ $1,791.54 
General Library Fund, Interest. 2. ао о ҰЗ кақ eels Sew eles 6.48 
Compounded Membership Fund, Ї[пїеге$%............................ 231.62 

International Electrical Congress of St. Louis 1904, Library Fund, Dona- 
tions айа intereste >; азы имам fw Bic E RC REUS NR eo wwe eee 113.85 
Special Library account. s Қызан ате ағала ы а CX Chee LES MEX 127.00 
Total tabe EE PRA ERS ios aos deae Aat qoas АЛМАНЫ е ЫЗА алан ОГ. 2,270.49 

EXPENDITURES. 

Mailoux Fund uc ар по DOW COLE TERRES PENS 32.25 
Compounded Membership Ейпа..................................... 506.87 
Certificate of Deposit F. L. & Т. Со; 55 сука ROVER Re Xe RR LÍ 1,000.00 
М. Y. Telephone Bond, due 1930....................... ния 986.75 
С. В. & Q. Bonds ригсһазей........................................ 14,729.58 
Special Library account (to be геїтЬмчгей).......................... 71.95 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


CONDENSED CASH STATEMENT, 
ExHIBIT D. 


Cash on deposit April 30, 1910........................... 27,550.80 
Secretary's Petty Cash, April ЗО, 1010.................... 750.00 
— — 28.309.80 
Receipts for general purposes, Exhibit “В“”............... 95.147.22 
Receipts for designated purposes, Exhibit “С”............ 2,270.49 
a 97,417.71 
125,727.51 
Disbursements for general purposes Exhibit 'B'........... 78.403.18 
Expenditures for designated purposes, Exhibit “С”........ 17,333.40 
—— -——— 95,736.58 
Balance оп hand April 30, 1011........................... 29.990 93 
On deposit for designated purposes, Exhibit “А”.......... 9,998.88 ; 
*On deposit іп General cash, Exhibit “А”................ 19,242.05 
Secretary's Petty Cash, Exhibit “А”..................... 750.00 


| --— 39,090.93 
Property acquired during the year, Office Furniture and Fix- 


CLG OS vus тазала аа тен ИРСТ РА t RR PC 613.74 
*'This includes the following unexpended balances: 
Машочх PONS ажа ete V e et me o SUR а Ye M 41.35 
Weaver Donation. ааа Mee ка a ee a a edd ace ie OX жаи эз 65.44 
Int. Elec. Congress of St. Louis Library Fund............. 268.77 
375.56 
RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 
During each fiscal year for the past seven years. 
Ұбатуала ыза рса та ӨРКЕ 1905 1906 1907 1908 1909 1910 1911 
Membership. April 30, each year. 3460 3870 4521 5674 6400 6651 7117 
Receipts per Member........... $12.32 $12.77 $12.21 $13.01 $13.21 $13.35 $13.37 
Disbursements per Member: $10.72. $10. 48 $11.62 $11.73 $10.49 $12.03 $11.03 


Credit Balance per Member.... $1.60 — E $2. 29 .59 $1. 28 — $2.72 $1.32 $2.34 


Respectfully submitted for the Board of Directors, 


E RALPH W. POPE, Secretary. 
New York, May 16, 1911. 
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